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Foreword

The Agronomic Division of the North Carolina
Department of Agriculture and Consumer
Services (NCDA&CS) works to increase crop
productivity, promote responsible land
management and protect the environment. To
achieve those ends, the Division provides
diagnostic and advisory services for all North
Carolina residents. It also works closely with
educational institutions and agribusinesses.

The Soil Testing section analyzes soil samples
to calculate fertilizer and lime requirements for
crops grown throughout the state. By clarifying
asoil’srelative nutrient-supplying capability, soil
tests help maximize amendment efficiency.
Growers can then avoid nutrient deficiencies
without applying economically wasteful and
environmentally unsound excesses.

Thislaboratory provides predictive soil testsfor
al state residents. These tests clarify fertility
status with regard to pH, acidity and nutrient
levels. Site-specific recommendations are then
based on crop requirements, soil type, and current
pH and fertility levels.

It also provides adiagnostic service for solving
problems during the growing season, thus
allowing usersto adjust amendmentsto site- and
season-specific demands.

In response to public concern about the
environment, soil tests now analyze for heavy
metalsin soil samplesfrom siteswheremunicipal,
animal or industrial wastes have been applied.
This monitoring can prevent the indiscriminate

vii

use of such wastes and thus protect land
productivity, surface-water and groundwater
quality, food safety and human health.

Thisdocument outlines
« the philosophical framework employed by the
Agronomic Division's Soil Testing section,
» the methodologies and equations it uses to
calculatefertilizer and lime recommendations,
« the crop-specific detail sgrowersmust consider
when applying these recommendations,
» conversion factors and equivalencies useful
in calculating fertilizer requirements, and
« specificsonfertilizer properties, sourcesand
application.

Parts [ and Il answer the what, why and how
guestions concerning our soil testing service.
Intended for readers interested in the scientific
foundations of our work, the text describeswhat
testing procedures we employ, why we employ
them, and how we move from soil test data to
site- and crop-specific fertilizer and lime
recommendations. Detail ed equations and tables
enable readers to recal culate recommendations
should they wish to grow a crop other than the
one listed on the soil sample report.

Part Il contains a series of notes that address
the fertilization regquirements of specific crops
or groups of crops grown in North Carolina
Relevant notes are typically appended as a
supplement to the soil test report. Readers who
arenot interested in thetechnical proceduresused
to derive recommendations may prefer to turn
directly to Part III.
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Foreword

Part IV provides tables of information that may  In addition to the soil testing services discussed
be useful when calculating fertilizer requirements  in this document, the Agronomic Division aso
or when deciding which fertilizer to apply. ~ provides nematode assay, plant tissue analysis,
Conversion factors, equivalencies, properties,  waste analysis, solution analysis, and field
sources and application methods are addressed. ~ advisory services.

Contact Information

Agronomic Division Web Site:
WWW.Nncagr.com/agronomi

Physical Address:
4300 Reedy Creek Road
Raleigh NC 27607-6465

Mailing Address (U.S. Postal Service):
1040 Mail Service Center
Raleigh NC 27699-1040
Phone: (919) 733-2655
Fax: (919) 733-2837
E-mail: david.hardy@ncmail.net

David H. Hardy, Ph.D.
Soil Testing Section Chief

Regional Agronomists (see Figure F.1) also provide assistance statewide. They can make on-site
farm visits to address a wide range of nutrient-related crop concerns.
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Dr. Adolf Mehlich (1902-1983)

Dr. Adolf Mehlich served the North Carolina
Department of Agriculture asaconsultant in soil
test methodology in 1953 and again from 1970
until hisdeathin 1983. Hislifewasdedicated to
understanding the chemical, mineralogical,
physical and microbiological characteristics of
soils.

Dr. Mehlich'sinsight into the interaction of soil
characteristics and plant nutrition was keen. He
developed a volumetric method for testing,
calculating and expressing soil test resultson a
field basis. He authored or co-authored over 70
journa articles and six chapters in books. He
advised many students and was an active
consultant to his peers. Dr. Mehlich received the

award of “Fellow” from the American Society
of Agronomy and the Soil Science Society of
Americain 1982. Hiscontributionsto soil science
and their influence on plant nutrition have gained
international renown.

The Mehlich-1 extractant is used by
|aboratories across the southeastern United
States and in several Latin American
countries. The Mehlich-3, introduced in 1984,
extracts major nutrients, as well as
micronutrients, from soils with a wide range
of chemical and physical properties. This
extractant has been used by many state and
private |aboratories worldwide, including the
NCDA& CSAgronomic Division laboratory.

Severa solutions used by soil test laboratories to extract nutrients bear Dr. Mehlich's hame:

Mehlich-1

composition: 0.05N HCI + 0.025N H,SO,
usage: 25 cm®extractant per 5 cm® soil
reference: (Mehlich 1953)

Mehlich-2

composition: 0.2N CH,COOH + 0.015N NH,F + 0.2N NH,CI + 0.012N HCI

usage: 25 cm®extractant per 2.5 cm® soil
reference: (Mehlich 1978)

Mehlich-3

composition: 0.2N CH,COOH + 0.25N NH,NO, + 0.013N HNO, + 0015N NH,F + 0.001M EDTA

usage: 25 cm?® extractant per 2.5 cm?® soil
reference: (Mehlich 1984)
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Dr. Mehlich also developed methods for
measuring soil acidity and humic matter
(Mehlich 1976, 1984). These methods are still
being used by the NCDA&CS Agronomic
Division laboratory. Dr. Mehlich's efforts have
enhanced our capability to measure the nutrient
content of soils as well as the availability of
nutrientsto crops under diverse soil conditions.
These contributions enable soil testing
laboratories to make more precise lime and
fertilizer recommendations. As a result, they
foster economic yields.

References

Mehlich A. 1953. Determination of P, Ca, Mg,
K, Na, NH,. Raleigh (NC): North Carolina
Department of Agriculture, Agronomic Division.
Soil Testing Division Publication No. 1-53.
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Mehlich A. 1976. New buffer pH method for
rapid estimation of exchangeable acidity andlime
requirement of soils. Commun Soil Sci Plant Anal
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Mehlich A. 1978. New extractant for soil test
evaluation of phogphorus, potassium, magnesium,
calcium, sodium, manganese and zinc. Commun
Soil Sci Plant Anal 9(6): 477-92.

Mehlich A. 1984. M ehlich-3 soil test extractant:
amodification of Mehlich-2 extractant. Commun
Soil Sci Plant Anal 15(12): 1409-16.

Mehlich A. 1984. Photometric determination of
humic matter in soils. A proposed method.
Commun Soil Sci Plant Anal 15(12): 1417-22.



Part . NCDA&CS's Approach to Soil Testing

Fertility is not the only factor that limits yield.
Soil pH, soil moisture, planting dates, crop
varieties, weeds, insects, diseases, nematodes,
soil physical conditions and other variablesalso
limit production. Therefore, the goal of
Agronomic Division soil test recommendations
is not to achieve a specific yield but to prevent
fertility from being a yield-limiting factor.
Additionally, soil test recommendationshelp curb
excessive nutrient application, which is both
economically and environmentally unsound.

Lime and fertilizer recommendations from the
Agronomic Division are based on analysisof the
soil, the cropping history provided by the grower,
field studiesand typical climatic conditions. The
information sheet that agrower submitswith soil
samplesappearsin Figure1.1. Thesoil test report
generated from those samples appears in
Figure1.2.

Volumetric Soil Testing

The Agronomic Division analyzes soil samples
by volume, not by weight. Why? The answer is
because plant roots obtain nutrients from a
volume of soil regardless of the soil'sweight per
unit volume. Volume-based analyses are thusthe
most accurate means of ng nutrient status
inthefield plow zone.

Volumetric testing maintains a constant ratio
between soil volume and extracting solution,
regardless of the soil'sweight/volumeratio. This

ratio can vary widely, as in sandy versus clay
soils. Procedures based on soil weight use the
same amount of extractant regardless of soil
volume. Results based on such a process can
produce a misleading picture of nutrient
availability intheroot zone. Having determined
that volumeisamore useful indicator than weight
for determining fertilizer recommendations, the
Agronomic Division maintainsafixed soil-volume/
extractant ratio and allows the soil-weight/
extractant ratio to fluctuate.

The Soil Analysis

NCDA&CS soil tests evaluate 22 factors. The
first seven [soil class, HM%, W/V, CEC, BS%,
Ac and pH] describe the soil and its degree of
acidity. The other 15 [P-I, K-1, Ca%, Mg%,
Mn-l, Mn-Al (1), Mn-Al (2), Zn-I, Zn-Al, Cu-l,
S, SS1,NO,-N, NH,-N and Na] indicatelevels
of plant nutrients or other fertility measurements.
The nutrients are reported in one of two ways:
* as a standardized index [for phosphorus,
potassium, manganese, zinc, copper and
sulfur] or
* as a percentage of the cation exchange
capacity [for calcium and magnesium].
These methods are explained in the next sections.

In most cases, nitrate nitrogen (NO,-N),
ammonium nitrogen (NH,-N), boron (B) and
soluble salt (SS) contents of the soil are not
measured. The circumstances that might justify
testing for these factors vary and are covered
later in the section SPECIAL CASES.
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NCDA&CS Approach to Soil Testing
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NCDAE&CS Approach to Soil Testing

—Soil classification and acidity

Thefirst seven factors evaluated on the soil test
report describe the soil and indicate the degree
of acidity. These factors are soil class, percent
humic matter (HM%), weight per volume (W/
V), cation exchange capacity (CEC), base
saturation as a percent of CEC (BS%), acidity
(Ac) and pH. These data have a bearing on the
amount of lime a crop needs.

Soils belong to one of three classes based on
HM% and W/V: mineral (min), mineral organic
(m-0) or organic (ora). Plants can tolerate more
acidity in organic soils than in mineral soils
because organic soils contain less aluminum.
Therefore, s0il class exertsconsderableinfluence
on limerecommendations.

Percent humic matter (HM%) is a measure of
theportion of organic matter that hasdecomposed
to form humic and fulvic acids. HM % represents
the portion of organic matter that is chemically
reactive. Thisvalueaffectsdeterminationsof lime
and herbicide rates.

The weight-per-volume ratio (W/V) is a good
indicator of soil texture. Very sandy soils often
weigh more than 1.5 g/cm?, silt and clay loams
near 1.0 g/cm?, organics as little as 0.4 g/cm?,
and greenhouse media often even less.

Cation exchange capacity (CEC) indicates the
extent to which a soil can hold and exchange
basic cations such as calcium, magnesium and
potassium aswell ashydrogen, aluminium, iron
and manganese. The CEC of North Carolinasoils
ranges from 40 or more meg/100 cm® in clay
and organic soilsto 2 or lessin some sandy soils.
A high CEC is desirable because it makes
leaching of fertilizer nutrientslesslikely and the
maintenance of high reserve gquantities more
likely. The CEC will vary as pH changes and as
organic matter fluctuates through addition or
decomposition.

Percent base saturation (BS%) is the portion of
the CEC that isoccupied primarily by the nutrient
cations calcium, magnesium and potassium. A
high base saturation reduces soil acidity levels
and increasesthe supply of other plant nutrients.
Therefore, high BS% values are favorable for
plant growth.

Exchangeable acidity (Ac) is a quantitative
measurement of the portion of the CEC occupied
by acidity factors, such as hydrogen and
aluminum. Theacidity in organic soilsrangesfrom
4 to 8 meg whereas in mineral soils, it ranges
from about 0.5t0 2.5 meg/100 cmé. The amount
of acidity increasesin both soilsaspH decreases.

Hydrogen ion concentration (pH) isan index of
the active acidity in a soil at an instant in time.
Soil pH valuesrange from 3to 8 on ascaleof 1
to 14. Weather, cultural practices and additions
of lime and fertilizer cause pH to fluctuate. An
extremely low pH interferes with plant nutrient
uptake and can even cause root damage.

—The index rating system: P, K, Mn, S, Zn & Cu

As explained on the soil test report, the
Agronomic Division reports phosphorus (P),
potassium (K), manganese (Mn), sulfur (S), zinc
(Zn) and copper (Cu) levelsasindices. Theindex
scale used for fertilizer recommendation ranges
from Oto 100. Therelationship between soil test
index and fertilizer requirement is shown in
Figure1.3.

The critical quantitative value for each nutrient
isassigned anindex of 25. Valuesof 25 or below
indicate low soil fertility, a high fertilizer
requirement and potentially dramatic yield
increasesin responseto fertilization. Valuesfrom
26 to 50 indicate medium fertility; those above
50, highfertility. Valuesabove 100 are considered
excessive, and crops grown on such soils show
no response to fertilizer application. Certain
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Figure 1.3 ldealized relationship between soil test index, crop response and the amount
of fertilizer (P,O, and K,O) required: A — expected response very high; B — response
low to medium; C — little or no response expected; and D — test levels far in excess of
plant requirements, no response. [Modified from Hatfield AL. 1972. Sail test reporting: a
nutrient index system. Commun Soil Sci Plant Anal 3(5): 425-36.]

Table 1.1 Relationship between soil test index and yield

Crop Yield in Response to Nutrient Application

Index Nutrient

Range Status pP* K* Mn Zn Cu
0-10 Very Low high high high high high
11-25 Low high high high high high
26-50 Medium med/low med/low none none none
51-100 High none low/none none none none
100+ Very High none none none none none

*Crop response to phosphate (P,0,) and potash (K ,0) decreases as the soil test index approaches 50.
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micronutrient levels above a 250 index can be
detrimental to crops.

The quantity of each nutrient required by different
crops may vary greatly. The index, however,
provides a common scale for judging nutrient
supply and balance in the soil. The relationship
between soil test index and fertilizer responseis
outlinedinTable1.1.

The phosphorusindex (P-1) reflectsthe level of
phosphorus found in the soil. Values less than
100 are of concern in predicting the need for
phosphate fertilizer. The amount of phosphate
recommended depends on soil test level and crop
requirement. Actual P-I valuesare shown onthe
soil test report.

The potassium index (K-1) reflects the level of
potassium found in the soil. Values greater than
100 are of little concern with regard to fertilizer
recommendations. However, thetotal amount of
potassium present has a bearing on CEC and
BS% values.

Multiple manganese values appear on soil test
reports (Figure 1.2). Thefirst valueisthe actual
manganese index (Mn-1). Two manganese
availability indicesfollow it: Mn-Al (1) applies
to the first crop to be grown and Mn-Al (2)
applies to the second crop. The Mn-Al is a
function of Mn-I and pH based on crop sensitivity
to manganese. Tables 1.2 and 1.3 show grids of
Mn-Al values and the formulas used for
calculation.

The sulfur index (S-1) that appears on the soil
test report may not accurately predict the amount
of sulfur availableto plantson sandy coastal plain
soils. Sulfur leaches from sandy topsoils and
accumulates in the subsoil. Hence, subsoil
samples provide a more reliable assessment of
plant-availablesulfur. Prediction of plant-available
sulfurismorereliablefor clay soilsthan for sandy

soils because they are less subject to leaching.
Piedmont and mountain soils generally contain
adequate sulfur for optimum yields. Plant tissue
analysisin combination with soil testing provides
the best means for determining when sulfur is
deficient.

Two zinc values appear in the Test Results
section on most soil test reports. Thefirstisthe
zinc index (Zn-1); the second is an availability
index (Zn-Al) based on soil class. The Zn-Al
equalsthe Zn-1 for mineral soils, is 1.25 times
greater for mineral-organic soils and is 1.66
times greater for organic soils. The Zn-Al is
not relevant for sampl esfrom homeowners and
does not appear on those soil test reports.

The copper index (Cu-1) gauges sufficiency or
toxicity of thiselement. Only oneva ue appears.
See Part Il for information on how to interpret
Cu-l.

Factorsto convert any of these nutrient indices
to more recognizable quantitative equivalents
arelistedin Table 1.4. Noticethat some of these
equivalents are weights per volume and other
are weights per area. NCDA& CS soil tests are
conducted on avolume of soil. Conversiontoa
specific unit per areais based on a depth of 20
cm (7.9 inches). See the footnote to Table 1.4
for further explanation of the volumetric
rationale.

—Nutrient percentage ratings: Ca & Mg

Levels of calcium (Ca) and magnesium (MQ)
are expressed as percentages of the CEC, not
as an index. The Ca determination is made to
establish the CEC as well as the relationship
between Ca and other cations. Since it is a
component of lime, Caisusually presentinthe
soil in large quantities. The amounts of Caand
K, aswell asthe acid fraction of the CEC, have
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Table 1.2 Manganese availability indices (Mn-Al) for manganese-sensitive crops *

Soil Manganese Index from Soil Test Report

pH 5 10 15 20 25 30 35 40 45 50
5.4 2 25 28 31 A 37 40 43 46 49
5.5 21 24 27 30 3 36 39 42 45 48
5.6 19 2 25 28 31 A 37 40 43 46
5.7 18 21 24 27 30 3 36 39 42 45
5.8 16 19 2 25 28 31 K7 37 40 43
5.9 15 18 21 24 27 30 3 36 39 42
6.0 13 16 19 2 25 28 31 A 37 40
6.1 12 15 18 21 24 27 30 33 36 39
6.2 10 13 16 19 22 25 28 31 A 37
6.3 8 n 14 17 20 23 26 29 32 35
6.4 7 10 13 16 19 22 25 28 31 A
6.5 5 8 n 14 17 20 23 26 29 32
6.6 4 7 10 13 16 19 2 25 28 31
6.7 2 5 8 n 14 17 20 23 26 29
6.8 1 4 7 10 13 16 18 22 25 28
6.9 0.68 2 5 8 n 14 17 20 23 26
7.0 - 0.8 4 7 10 13 16 19 2 25

* Mn-Al is calculated based on equation A [101.2 + (0.6 x Mn-1) — (15.2 x pH)] and rounded to the
nearest whole number.

Thecritical Mn-Al = 25. Manganese-sensitive cropsinclude cotton, peanuts, small grains,
soybeans, tobacco, melons, cucurbits, beans, onions, peas, peppers, radishes, rutabagas,
strawberries, tomatoes, turnips and watermelons.



NCDAE&CS Approach to Soil Testing

Table 1.3 Manganese availability indices (Mn-Al) for crops less sensitive to manganese *

Soil Manganese Index from Soil Test Report

pH 5 10 15 20 25 30 35 40 45 50
54 29 32 35 33 41 44 47 0 53 56
5.5 28 31 A 37 40 43 46 49 52 55
5.6 26 29 32 35 3 41 44 47 50 53
5.7 25 28 31 K7 37 40 42 45 48 52
5.8 23 26 29 32 3H 3B 41 44 47 50
5.9 2 25 28 31 K7 37 40 43 46 49
6.0 20 23 26 29 32 35 3 41 44 47
6.1 19 2 25 28 31 A 37 40 43 46
6.2 17 20 23 26 29 32 35 3 41 44
6.3 15 18 21 24 27 30 3 36 39 4?2
6.4 14 17 20 23 26 29 32 35 3B 41
6.5 12 15 18 21 24 27 30 3 36 39
6.6 11 14 17 20 23 26 29 32 35 3
6.7 9 12 15 18 21 24 27 30 3 36
6.8 8 11 14 17 20 23 26 29 32 35
6.9 6 9 12 15 18 21 24 27 30 3
7.0 5 8 1 14 17 20 23 26 29 32

* Mn-Al is calculated based on equation B [108.2 + (0.6 x Mn-I) — (15.2 x pH)] and rounded to
the nearest whole number.

The critical Mn-Al = 25. Crops less sensitive to manganese include asparagus, beets, blueberries,
Christmastreees, corn, forage grasses and legumes, pearl millet, milo, okra, irish potatoes,
raspberry, rhubarb, rice, sorghum, sunflower, sweetpotatoes, and commercial nursery and flower
crops.



NCDAECS Approach to Soil Testing

abearing on the need for applying magnesiumto
thesoil. Guidelinesfor evaluating magnesium are
given in Part IlI. Lime and Fertilizer
Requirements.

—Special cases: N, B & soluble salts

Predictive soil tests generally do not measure
levelsof nitrogen (N), boron (B) or soluble salts
(SS) in a sample. However, recommendations
for nitrogen and boron fertilization appear onthe
soil test report. These recommendations are

based on specific crop requirements under
known soil and climatic conditions.

Tests for nitrogen in soil samples from field
cropsare not routinely conducted because they
have limited predictive value. Nitrogen often
leaches out of the root zone before the crop is
planted. Therefore, there is little point in
measuring it.

Nitrate nitrogen (NO,-N) is eval uated routinely
for greenhouse or nursery soils. Ammonium
nitrogen (NH,-N) is measured under unique

Table 1.4 Multiplication factors for converting soil test index values to a quantitative

equivalent *

Nutrient mg/dm? kg/ha Ib/acre meq/100 cm?® meg/dm?
P-1 12 240 2.138 - -
K-I 1.955 3.91 3.484 0.005 0.05
Ca%xCEC 200.0 400.0 356.40 1.0 10.0
Mg%xCEC 121.6 243.2 216.69 10 10.0
Na 230.0 460.0 409.86 10 10.0
Mn-I 0.16 0.32 0.285 - -
Zn-| 0.04 0.08 0.071 - -
Cu-l 0.02 0.04 0.036 - -
S 0.48 0.96 0.857 - -

* Soil testsin North Carolinaare made on avolume of soil. Conversion to an areaequivalent is
based on a depth of 20 cm (7.9 inches). To convert phosphorus and potassium from the elemental
formsto Ib/acre, use these multipliers: 2.29 x P gives|b of P,O, per acre; and 1.2 x K gives b of

K,O per acre.

The Volume Rationale: The area of a hectare (ha) is 10,000 m? or 1000,000 dm?. The volume per
hectare to a depth of 20 cm or 2 dm equals 2,000,000 dmé. The following conversion factors
apply: mg/dm?® = parts per million (ppm); mg/dméx 2 = kg/ha; kg/hax 0.893 = |b/acre; or mg/dm?
x 1.78 = Ib/acre. Refer to Part IV of this manual for other conversion factors.



NCDAE&CS Approach to Soil Testing

diagnostic situations. Test resultsfor both types
of nitrogen are expressed in mg/dm? (ppm).

In the case of boron (B), no reliable soil test has
been devel oped. Plant tissue analysisisthe best
method to confirm a boron deficiency. Plant
analysis also provides a means to gauge the
supply of boroninthe soil.

Solublesalts (SS-I) are measured in greenhouse
and diagnostic samples. Theresultsare expressed
in units of mhosx107®. To convert this value to
conductivity measured in deci Siemens per meter
(dS/m), divide by 100. Guiddinesfor interpreting
and managing soluble saltsare showninthecrop
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management notes that accompany the soil test
report (refer to explanatory tablesin Note 9. Soil
Analysis of Substrates for Greenhouse
Crops).

—Sodium levels

Sodium (Na) is analyzed on all samplesand is
reported in meg/100 cm?®. Sodium levels above
15 percent of the CEC can be detrimental to
crop production. Such levelsusually occur from
salt water intrusion or application of waste
productshighin sodium.



Part Il. Lime and Fertilizer Requirements

The amount of lime and fertilizer needed for
optimum crop growth depends on the specific
crop requirement, soil type and current fertility
status of the soil. A soil test determines aspects
of fertility such aspH, acidity and nutrient levels.
Thisinformation isprerequisiteto cal cul ation of
limeand fertilizer requirements.

Lime

Lime recommendations are a function of soil
class, target pH, current pH, level of acidity (Ac)
and residual credit (RC):

* tonslimelacre= Ac x [(target pH —current
pH) + (6.6 — current pH)] — RC

e tons lime/acre x 46 = [b/1000 ft?

Theprecalculated factorslistedin Table 2.1 make
this determination easier. The table provides
values for the factor in brackets above, based
on current and target pH values.

To calculate thelime recommendation, you need
the following information about the variables.
Target pH is different for each soil class (Table
2.2andFigure2.1). Current soil pH and Acvalues
appear on the soil test report. RC is any amount
of lime recently applied, reduced by a certain
percentage for each month that has elapsed since
application: 8 percent for mineral (min) soilsand
16 percent for mineral-organic (M-o) and organic
(ore) soils. The RC decreases faster for m-o
and orc soils because lime reacts rapidly to the
higher levelsof acidity inthese soils.
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Lime recommendations are in units of tenths of
aton per acre. When calculations are less than
0.3ton/acre, the soil test report indicates that no
limeisneeded. However, the current soil pH may
still be dightly lower than the target pH. In this
case, application of a standard rate of 0.3 ton/
acre or 15 Ib/1000 ft? is appropriate.

A special situation occurswhen the second crop
listed on asoil sampleinformation sheet requires
more lime than the first crop. In this case, the
higher lime rate appears as the recommendation
for the first crop. No lime recommendation
appears for the second crop.

Two types of limestone are available for
agricultural purposes: calcitic and dolomitic.
Calcitic limestone contains calcium carbonate
(CaCO,) but no magnesium (Mg). Dolomitic
limestoneisamixtureof cal cium and magnesium
carbonates [CaMg(CO,),] and contains at least
1201b Mg per ton. On soilswhere Mgisdifficult
to maintain, application of dolomitic lime solves
two problemsin one treatment.

Nitrogen (N)

Although the soil test report does not generally
indicate soil nitrogen levels, it does provide
recommendationsfor nitrogen fertilization (Table
2.3), depending on the crop. Years of field
research and observations have led to these
recommendations. The crop notes (see Part II)
suggest ways to vary these rates. Plant tissue
analysis during the vegetative growth stageisa
good indicator of nitrogen sufficiency.



Lime and Fertilizer Requirements

Table 2.1 Factors for calculating lime rates *

Current Target pH

Soil pH 6.5 6.2 6.0 5.7 5.5 5.0
3.2 0.971 0.882 0.824 0.735 0.676 0.529
3.3 0.970 0.879 0.818 0.727 0.667 0.515
3.4 0.969 0.875 0.813 0.719 0.656 0.500
3.5 0.968 0.871 0.806 0.710 0.645 0.484
3.6 0.967 0.867 0.800 0.700 0.633 0.467
3.7 0.966 0.862 0.793 0.690 0.621 0.448
3.8 0.964 0.857 0.786 0.679 0.607 0.429
3.9 0.963 0.852 0.778 0.667 0.593 0.401
4.0 0.962 0.846 0.769 0.654 0.577 0.385
4.1 0.960 0.840 0.760 0.640 0.560 0.360
4.2 0.958 0.833 0.750 0.625 0.542 0.333
4.3 0.957 0.826 0.739 0.609 0.522 0.304
4.4 0.955 0.818 0.727 0.591 0.500 0.273
4.5 0.952 0.810 0.714 0.571 0.476 0.238
4.6 0.950 0.800 0.700 0.550 0.450 0.200
4.7 0.947 0.789 0.684 0.526 0.421 0.158
4.8 0.944 0.778 0.667 0.500 0.389 0.111
4.9 0.941 0.765 0.647 0.471 0.353 0.059
5.0 0.936 0.750 0.625 0.438 0.313 0
5.1 0.933 0.733 0.600 0.400 0.267
5.2 0.929 0.714 0.571 0.357 0.214
5.3 0.923 0.692 0.538 0.308 0.154
5.4 0.917 0.667 0.500 0.250 0.083
5.5 0.909 0.636 0.455 0.182 0
5.6 0.900 0.600 0.400 0.100
5.7 0.889 0.555 0.333 0
5.8 0.875 0.500 0.250
5.9 0.857 0.428 0.143
6.0 0.833 0.333 0
6.1 0.800 0.200
6.2 0.750 0
6.3 0.667
6.4 0.500
6.5 0

* Thefactorsin thistable are derived from this formula
FACTOR = (target pH — current pH) + (6.6 — current pH)

The lime requirement (LR) in U.S. tons per acre = (acidity x FACTOR) — residual credit.
Residual credit = 8% per month for MIN soils and 16% per month for M-O and ORG soils.
Example: If soil pH = 5.0; desired pH = 6.0; acidity = 1.2; and residual credit = 0, then LR
= (1.2 x 0.625) — 0 = 0.76 tons/acre. Acidity is calculated from the formula: (6.6 —pH) x 4 =
meq Ac/100 cm?.
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Lime and Fertilizer Requirements

Table 2.2 Target pH based on soil class

Soil Class pH
Mineral (MIN) 6.0*
Mineral-Organic (m-0) 55
Organic (orG) 50

* Some crops grown on mineral soils require a
target pH of 6.5. See Table 2.3 for the target pH
of a specific crop.

pH Scale
Low pH ismore acidic High pH ismorebasic
5 6 7 8

ACIDIC NEUTRAL BASIC

pH too acid pH too basic
for most crops for most crops

Desiredrange Desired

for organic range
and for
mineral-organic minera
soils soils

Figure2.1 Diagram of thepH scalefor agricultural soils.
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Lime and Fertilizer Requirements

Table 2.3 Information required to calculate lime and fertilizer rates

Target Refer to

Crop pH * N§ P,O.T K,Ot Cut Znt Bf Mn¥ Note
CHRISTMAS TREES
Blue spruce/Red cedar

6.5 100-120 6 8 $ $ - B$ 5
Fir/N Spruce/Hemlock,

establishment 5.8 100-120 6 8 $ $ - B$ 5
maintenance 5.5 100-120 6 8 $ $ - B$ 5

Leyland cypress 6.0 100-120 6 8 $ $ _ B$ 5
Line out/Seed beds

5.8 258 23 25 $ $ - B$ 5
Pine, white or Virginia

55 100-120 14 13 $ $ - B$ 5
FieLpo Crops
Corn, grain 6.0 120-160 15(16) 14 R R - BR 3
Corn, silage 6.0 180220  14(16) 9 R R - BR 3
Cotton 6.2 50-70 15 13 R R 1.0 BR 3
K enaf 6.0 120-160  15(16) 14 R R - BR 3
Milo (grain sorghum)

6.0 80-100 15(16) 14 R R - B$ 3
Peanut 6.0 0 18 15 $ $ 05 AR 3
Smdl grain 6.0 80-100  15(16) 14 R $ — AR 3
Small grain/Soybean (DC)

6.0 80-100 11(15) 8 R R - AR 3
Small grain silage/Soybean

6.0 80-100 13 8 R R - AR 3
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Lime and Fertilizer Requirements

Table 2.3 (cont.) Information required to calculate lime and fertilizer rates

Target Refer to
Crop pH * N§ P,O.T K,Ot Cut Znt BYf Mn¥ Note
Small grainsilage/Corn silage
6.0 80-100 13 8 R R — AR 3
Soybean 6.0 0 15(16) 14 R R - AR 3
Sunflower 6.0 80-100 15 14 $ R - B$ 3
Tobacco,
burley 6.0 150200 12 3 $ R - AR 1
flue-cured 6.0 50-80 17 9 $ R - AR 1
greenhouse See Note 9 5 25 $ $ - B$ 9
FORAGES
Alfalfa
establishment 6.5 10-30 7 9 $ $ 30 B$ 12
maintenance 6.5 0 14 10 $ $ 20 B$ 12
Common bermuda/Bahia
6.0 100-150 14 14 $ $ - B$ 12
Bermuda pasture
establishment 6.5 60-80 14 14 $ $ — B$ 12
maintenance 6.5 180-220 15 7 $ $ - B$ 12

* Thistarget pH appliesto mineral soilsonly.

8§ For nitrogen, unitsare Ib/acre, unless a § symbol followsthe number, in which case units are /1000 ft2.
T These numbers refer to the equations that should be used to cal culate amounts of P,O, and K,O needed.
If the crop is growing in organic soil, use the equation number in parentheses. Equations are given in

Table2.4.
¥ For copper and zinc, “R” standsfor “rate” in Ib/acre. For copper, theratesare 2 Ib/acre for minera soils, 4
for mineral-organic, and 6 for organic soils. For zinc, theratesare 6 Ib/acre, if broadcast, and 3 Ib/acreif
banded. The “$” indicates that the need for copper or zinc is less certain and refers you to the $ Note:
Secondary Nutrients and Micronutrients.
1 For boron, ratesare givenin Ib/acre.
¥ For manganese, “A” and “B” refer to the equationsfor cal culating the manganese availability index:
EquationA. Mn-Al =101.2+ (0.6 X Mn-l) —(15.2 X pH).
EquationB. Mn-Al =108.2+ (0.6 X Mn-1) —(15.2 X pH).
“R” refersto the “rate” of 10 Ib/acre; “$” refersto the $ Note: Secondary Nutrients and Micronutrients.
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Lime and Fertilizer Requirements

Table 2.3 (cont.) Information required to calculate lime and fertilizer rates

Tar get Refer to
Crop pH * N§ P,O.T K,Ot Cut Zni BT Mn¥ Note
Bluegrass 6.0 100-120 15 14 $ $ - B$ 12
Bluegrass/White clover
6.0 0 15 14 $ $ - B$ 12
Clover, Grass
establishment 6.5 10-30 7 7 $ $ - B$ 12
maintenance 6.5 0 14 9 $ $ - B$ 12
Fescue/Orchard/Timothy
establishment 6.5 50-70 14 18 $ $ - B$ 12
maintenance 6.0 100-200 15 14 $ $ - B$ 12
Gamagrass 6.0 180220 5 14 $ $ - A$ 12
Legumes, misc. 6.0 0 20 19 $ $ - B$ 12
Prairiegrass 6.0  120-200 18 15 $ $ - AS$ 12
Sudangrass/Sorghum/Millet/Red crabgrass
6.0 140-180  15(16) 9 $ $ - B$ 12
Sudangrass/Sorghum silage
6.0 180220  14(16) 9 $ $ - B$ 12
Switchgrass 55 120-160 18 15 $ $ - B$ 12

L awns & GARDENS

Azalea 5.0
Berries/Fruit/Nuts6.0
Camdlia 5.0

Centipede grass 5.5
Flower garden 6.0

Lawn 6.0

Refer to Note #4 and Special Printout A
Refer to Note #18 and Specia Printout A
Refer to Note #4 and Special Printout A
Refer to Note #4 and Specia Printout B
Refer to Note #4 and Special Printout A

Refer to Note #4 and Special Printout A
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Lime and Fertilizer Requirements

Table 2.3 (cont.) Information required to calculate lime and fertilizer rates

Target Refer to
Crop pH * N§ POt K,Of Cut Zni BYf Mn¥ Note
Mountainlaurel 5.0 Refer to Note #4 and Special Printout A
Rhododendron 5.0 Refer to Note #4 and Special Printout A
Rose 6.5 Refer to Note #4 and Special Printout A
Shrubbery 6.0 Refer to Note #4 and Special Printout A
Trees, shade 6.0 Refer to Note #4 and Special Printout A
Vegetable garden 6.5 Refer to Note #4 and Special Printout A

NuURseRY, COMMERCIAL

Dahlia 6.0 50-70 15 14 $ $ - BS$
Flowers

bulbs 6.0 50-70 15 14 $ $ - BS$

roots 6.0 50-70 15 14 $ $ - B$
Gladiolus 6.0 50-70 15 14 $ $ 2.0 B$
Greenhouse See Note 9 5 5 $ $ - B$ 9
Gypsophila 6.5 50-70 15 14 $ $ - B$

* Thistarget pH appliesto mineral soilsonly.

8§ For nitrogen, unitsarelb/acre, unlessa§ symbol follows the number, in which case units are [b/1000 ft2.
T These numbers refer to the equations that should be used to cal culate amounts of P,O, and K,O needed.
If the crop is growing in organic soil, use the equation number in parentheses. Equations are givenin

Table2.4.
¥ For copper and zinc, “R” standsfor “rate” in Ib/acre. For copper, therates are 2 Ib/acre for mineral soils, 4
for mineral-organic, and 6 for organic soils. For zinc, theratesare 6 Ib/acre, if broadcast, and 3 Ib/acreif
banded. The “$” indicates that the need for copper or zinc is less certain and refers you to the $ Note:
Secondary Nutrients and Micronutrients.
1 For boron, ratesare givenin Ib/acre.
¥ For manganese, “A” and “B” refer to the equations for cal culating the manganese availability index:
EquationA. Mn-Al =101.2+ (0.6 X Mn-l) —(15.2 X pH).
EquationB. Mn-Al =108.2+ (0.6 X Mn-1) —(15.2 x pH).
“R” refersto the “rate” of 10 Ib/acre; “$” refersto the $ Note: Secondary Nutrients and Micronutrients.
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Lime and Fertilizer Requirements

Table 2.3 (cont.) Information required to calculate lime and fertilizer rates

Target Refer to
Crop pH * N§ P,O.T K,Ot Cut Znt BYf Mn¥ Note
Nursery
Container stock See Note 11 5 25 $ $ - B$ n
Trees See Note 11 5 8 $ $ - B$ 1
Rhododendron/Ginseng/Native ornamentals
50 18 23 25 $ $ — B$ 4
ORcHARD/ FRUIT & NuT TREES
Apple
establishment 6.5 See Note 16 15 16 $ $ - - 16
maintenance 6.0 See Note 16 18 16 $ $ - — 16
Peach
establishment 6.5 See Note 17 15 16 $ $ - - 17
maintenance 6.2 See Note 17 18 16 $ $ - — 17
Pecan
establishment 6.0 See Note 15 15 16 $ $ - - 15
maintenance 6.0 See Note 15 18 16 $ $ - — 15
Forest TREES& SEED
Hardwood
establishment 5.5 0 20 19 $ $ - - 1
maintenance 5.5 80-120 20 20 $ $ - - n
Pine
establishment 5.5 0 20 20 $ $ - - n
maintenance 5.5 100-150 20 20 $ $ - - n
nursery 55 140-160 18 18 $ $ - - 1n
Trees from seed
hardwoods 6.0 120-160 18 19 $ $ - - n
fir/spruce 55  120-160 18 19 $ $ - - n
pine 55 120-160 18 19 $ $ - - 1n
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Lime and Fertilizer Requirements

Table 2.3 (cont.) Information required to calculate lime and fertilizer rates

Target Refer to
Crop pH * N§ P,O.,f K,Ot Cut Znt BY Mn¥ Note
Turr/ GoLF GREENS
Fairway/Athletic turf
6.2 See Note 14 11 8 $ $ - $ 14
Tee 6.2 SeeNote 14 5 24 $ $ - $ 14
Greens 6.2 See Note 14 5 24 $ $ - $ 14

VEGETABLES& SwaLL FruiTs

Asparagus

establishment 6.5 60-80 7 14 $ $ — B$ 6

maintenance 6.0 80-100 18 7 $ $ - B$ 6
Beans/Peas 6.0 80-100 5 7 $ $ - A% 6
Beets 6.0 100-120 7 7 $ $ - B$ 6
Blueberry

establishment — 10-30 17 16 $ $ — B$ 18

maintenance = — 30-60 18 16 $ $ - B$ 18
Broccoli/Brussels sprouts/Cauliflower

6.0 80-100 4 7 $ $ 20 AS$ 6

* Thistarget pH appliesto mineral soilsonly.

§ For nitrogen, unitsare lb/acre, unless a § symbol followsthe number, in which case units are /1000 ft2.
T These numbers refer to the equations that should be used to cal culate amounts of P,O, and K,O needed.
If the crop is growing in organic soil, use the equation number in parentheses. Equations are given in

Table2.4.
¥ For copper and zinc, “R” standsfor “rate” in Ib/acre. For copper, theratesare 2 Ib/acre for minera soils, 4
for mineral-organic, and 6 for organic soils. For zinc, theratesare 6 Ib/acre, if broadcast, and 3 Ib/acreif
banded. The “$” indicates that the need for copper or zinc is less certain and refers you to the $ Note:
Secondary Nutrients and Micronutrients.
1 For boron, ratesare givenin Ib/acre.
¥ For manganese, “A” and “B” refer to the equations for cal culating the manganese availability index:
EquationA. Mn-Al =101.2+ (0.6 X Mn-l) —(15.2 X pH).
EquationB. Mn-Al =108.2+ (0.6 X Mn-1) —(15.2 X pH).
“R” refersto the “rate” of 10 Ib/acre; “$” refersto the $ Note: Secondary Nutrients and Micronutrients.
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Lime and Fertilizer Requirements

Table 2.3 (cont.) Information required to calculate lime and fertilizer rates

Target Refer to
Crop pH * N§ P,O.T K,Ot Cut Znt Bf Mn¥ Note
Cabbage 6.0 80-100 4 7 $ $ 20 A$ 6
Cantal oupe/Watermelon
6.0 60-80 n 7 $ $ 1.0 A$ 6

Corn, sweet 6.0 140-180 15 13 $ $ - BR 6
Cucumbers 6.0 80-140 12 7 $ $ - AS$ 6
Grape

establishment 6.0 See Note 18 15 13 $ $ - B$ 18

maintenance 6.0 See Note 18 18 13 $ $ 05 B$ 18
Kae/Mustard/Spinach

6.0 100-120 7 7 $ $ - A$ 6

Okra 6.0 80-100 7 7 $ $ 05 B$ 6
Pea, southern 6.0 10-30 15 14 $ $ - AS$ 6
Pepper 6.0 80-100 5 5 $ $ 1.0 A$ 6
Plant bed crops 6.0 See Special Printout A 6
Potato, Irish 6.0 100-150 4 5 $ $ - B$ 6
Radish 6.0 80-100 7 7 $ $ 20 A$ 6
Rape/Canola 6.0 120-140 15 14 $ $ 20 B$ 6
Raspberry/Blackberry

establishment 6.0 30-60 10 18 $ $ - B$ 18

maintenance 6.0 80-100 18 18 $ $ - B$ 18
Squash/Pumpkin 6.0 90-120 n 7 $ $ - A% 6
Strawberry

establishment 6.0 30-60 15 13 $ $ 1.0 A$ 18

maintenance 6.0 60-80 18 18 $ $ 1.0 A$ 18
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Lime and Fertilizer Requirements

Table 2.3 (cont.) Information required to calculate lime and fertilizer rates

Target Refer to
Crop pH * N8 P,O.,f K,Ot Cuf Znt BT Mn¥ Note
Sweetpotato 6.0 60-90 n 8 $ $ 05 B$ 6
Tomato
field 6.5 90-120 5 4 $ $ - A$ 7
greenhouse —  SeeNote 9 5l 25 $ $ - B$ 9
Turnip 6.0 100-120 7 7 $ $ 20 A$ 6
Vegetables, other 6.0 80-100 7 7 $ $ - AS$ 6

RoaDsIDE AREAS

Critical area 6.0 40-60 6 20 $ $ - B$ -
Roadside grass
establishment 5.8 40-60 16 18 $ $ - B$ -
maintenance 5.8 70-90 20 20 $ $ - B$ -

* Thistarget pH appliesto mineral soilsonly.

§ For nitrogen, units arelb/acre, unless a § symbol follows the number, in which case units are [b/1000 ft2
T These numbers refer to the equations that should be used to cal culate amounts of P,O, and K,O needed.
If the crop is growing in organic soil, use the equation number in parentheses. Equations are givenin

Table2.4.

T For copper and zinc, “R” standsfor “rate” in Ib/acre. For copper, the rates are 2 Ib/acre for mineral soils, 4
for mineral-organic, and 6 for organic soils. For zinc, theratesare 6 Ib/acre, if broadcast, and 3 Ib/acreif
banded. The “$” indicates that the need for copper or zinc is less certain and refers you to the $ Note:
Secondary Nutrients and Micronutrients.

1 For boron, rates are given in Ib/acre.

¥ For manganese, “A” and “B” refer to the equations for calculating the manganese availability index:

EquationA. Mn-Al =101.2+ (0.6 X Mn-1) —(15.2 X pH).
EquationB. Mn-Al =108.2+ (0.6 X Mn-1) —(15.2 x pH).
“R” refersto the “rate” of 10 Ib/acre; “$” refersto the $ Note: Secondary Nutrients and Micronutrients.
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Lime and Fertilizer Requirements

Table 2.3 (cont.) Information required to calculate lime and fertilizer rates

Target Refer to
Crop pH * N§ P,O.T K,Ot Cut Znt Bf Mn¥ Note

WiLbLIFE AREAS & Foobp PLoTs

Deer/Turkey 6.0 0-60 1418) 14 $ $ - B$ NA
Fish Pond 6.5 Not applicable

UplandGame 6.0 0-60 14(18) 14 $ $ - B$ NA
Waterfowl 6.0 060  14(18) 14 $ $ - B$ NA

* Thistarget pH appliesto mineral soilsonly.

§ For nitrogen, unitsare Ib/acre, unless a § symbol follows the number, in which case units are 1b/1000 ft2.
T These numbers refer to the equations that should be used to cal culate amounts of P,O, and K, O needed.
If the crop is growing in organic soil, use the equation number in parentheses. Equations are givenin

Table2.4.
¥ For copper and zinc, “R” standsfor “rate” in Ib/acre. For copper, therates are 2 Ib/acre for mineral soils, 4
for mineral-organic, and 6 for organic soils. For zinc, theratesare 6 Ib/acre, if broadcast, and 3 Ib/acreif
banded. The “$” indicates that the need for copper or zinc is less certain and refers you to the $ Note:
Secondary Nutrients and Micronutrients.
1 For boron, rates are givenin Ib/acre.
¥ For manganese, “A” and “B” refer to the equations for cal culating the manganese availability index:
EquationA. Mn-Al =101.2+ (0.6 X Mn-l) —(15.2 X pH).
EquationB. Mn-Al =108.2+ (0.6 X Mn-1) —(15.2 X pH).
“R” refersto the “rate” of 10 Ib/acre; “$” refersto the $ Note: Secondary Nutrients and Micronutrients.
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Lime and Fertilizer Requirements

Phosphate (P,0O,) & Potash (K,0)

The P,O, and K, O recommendations shown on
thesoil test report come from the equations shown
inTable2.4. TheP-I or K-1 valueisinserted into
the equation, and the results are rounded to the
nearest 10 Ib for field crops and to the nearest
0.5 b for greenhouse, golf tees and golf greens.
Recommendations for field crops show arange
of 20 Ib/acre. Rates of P,O, and K,O (Ib/acre),

based on soil test index val ueand equation, appear
inTable2.5.

Calcium (Ca)

The soil test report does not contain a space for
aca cium recommendation. Lime, which contains
calcium carbonate (CaCO,), provides the crop
with this nutrient. Because calcium is supplied

Table 2.4 Equations for calculating rates of P,O, and K ,O*

SREBowo~v~oo~wN R

RENRONTIN

0.0467 12 - 13.0 | + 900 = Ib/acre
0.0202 12 - 6.37 | + 500 = Ib/acre
0.0100 12 - 3.50 I + 300 = Ib/acre
0.017512- 4.46 | + 300 = Ib/acre
0.019312-4.90 | + 300 = Ib/acre
0.027212 - 6.08 | + 300 = Ib/acre
0.0100 12 - 3.25 | + 250 = Ib/acre
0.017312- 4.64 1 + 250 = Ib/acre
0.0102 12 - 3.00 | + 220 = Ib/acre
0.0103 12 - 2.90 | + 200 = Ib/acre
0.0190 12 - 4.20 | + 200 = Ib/acre
0.0053 12 - 2.00 | + 180 = Ib/acre
0.012012-2.90 | + 165 = Ib/acre
0.0116 12- 2.75 | + 150 = Ib/acre
0.014012- 3.20 | + 150 = Ib/acre
0.0227 12 - 4.42 | + 150 = Ib/acre
0.0084 12 - 2.19 | + 140 = Ib/acre
0.012012- 3.00 I + 120 = Ib/acre
0.0044 12 - 1.60 | + 100 = Ib/acre
0.012012-2.401 + 80 = Ib/acre

RERRS

N
o1

0.001212- 0.315 | + 20 = |b/2000 ft?
0.0005 12 - 0.418 | + 11 = Ib/1000 ft?
0.0005 12 - 0.135 | + 9 = Ib/1000 ft?
0.0007 12 - 0.160 | + 8 = Ib/1000 ft?
0.0005 12 - 0.130 | + 6.5 = Ib/1000 ft?

* Refer to Table 2.3 to match the appropriate equation with the desired crop. Insert the
current soil test index value (1) into the equation and solve for the suggested fertilizer rates.
The rate of fertilizer suggested ranges 10 Ib above and below the calculated value. The results
of the above equations for specific soil test indices are shown in Table 2.5.
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during the liming process, supplemental calcium
israrely needed.

Magnesium (Mg)

If asoil needs magnesium, this nutrient can be
supplied through liming in much the same way
that calcium can. Dolomitic limestone is a
mixture of calcium and magnesium carbonates
[CaMg(CO,),] and contains at least 120 Ib Mg
per ton. On soils where magnesium levels are
difficult to maintain, application of dolomiticlime
should provide an adequate amount.

To evaluate the magnesium status of the soil,
multiply Mg% by the CEC.
* If thisvalueis greater than or equal to 0.5
meg, o magnesium is needed.
* |f thisvaueislessthan 0.5 meq and less
than 10% of the CEC, adollar sign ($) will
appear in the Mg column of the
Recommendations section. The $ symbol
refers the grower to $ Note: Secondary
Nutrients and Micronutrients, which is
included with the soil test report.
* |f thisvalueislessthan 0.5 meq but greater
than 0.25 meq and greater than 10% of the
CEC, no magnesium is needed.
* If magnesium is less than 0.25 meg, a $
symbol will appear inthe Mg column on the
report, regardless of the Mg%.

The $ Note in Part Il of this booklet gives
additional information on fertilizing with
magnesium.

Manganese (Mn)

Ten pounds of manganese per acre is
recommended when the manganese availability
index (Mn-Al) is less than 25 and the crop is
known to respond well to manganese (Table 1.2).
For crops where response to manganese is less
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certain (Table 1.3), a$ symbol refersthe grower
to the $ Note flyer entitled Secondary Nutrients
and Micronutrients. When the Mn-Al is less
than 25 and the soil pH is 6.2 or greater, $pH
appears in the Mn column. This designation
indicates that high pH is responsible for the
manganese deficiency and refers the grower
back to the $ Note for several treatment options.

Zinc (Zn)

Whenthezinc availability index (Zn-Al) isgreater
than 25, no addition of zinc is necessary. A rate
of 6 Ib/acre is appropriate if the Zn-Al is 25 or
less and the crop is known to be responsive to
zinc. When crop responseto zinc islesscertain,
the recommendation will be flagged with a $
symbol, refering the grower to the $ Note.

Copper (Cu)

The need for copper fertilization depends onthe
copper index (Cu-1), the crop and the soil type.
A Cu-l of 25 or less, for acrop known to respond
to copper, indicates that copper is needed.
Recommended rates depend on soil type: 2 1b of
copper per acre for mineral soils, 4 for mineral-
organic soilsand 6 for organic soils.

If a$ notation appearsin the Cu column of the
Recommendations section for a first crop, it
indicatesthat the crop’sresponseto the addition
of copper is uncertain. If this notation is for a
second crop, it indicates that copper may be
needed if it was not applied to the first crop as
recommended. Thecropslistedin Table 2.3 have
an Rin the Cu column if they respond well to
copper fertilization. The$ Notein Part IlI of this
booklet givesadditiond information onfertilizing
with copper.
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Boron (B)

Even though there is no test to assess boron
levelsin soil, soil test reports may include boron
recommendations for certain crops. Rates
given are based on field observations and
experiments. Crop response to these levels
has been proven. However, too much boron
can be toxic to plants.

Sulfur (S)

Asmentioned in Part I, sulfur leaches readily
on sandy soils and accumulatesin the subsoil.
Recommendations for this nutrient vary with
soil type and rainfall. If the S-1 of deep sandy
soilsislessthan 25, fertilization with sulfuris
probably necessary. The general rate for sulfur
application is 20-25 |b/acre. Sulfur is rarely
lacking in piedmont or mountain soils due to
their high clay content. Under normal growing
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conditions, sulfur is generally sufficient on
organic soilsaswell.

Because sulfur is so mobile in the soil, plant
tissue analysis is the best way to gauge
sufficiency. The deficiency symptoms for
sulfur and nitrogen are very similar. Likewise,
soil conditionsthat cause nitrogen to leach also
have the same effect on sulfur.

Sulfur deficiency commonly occurs on deep,
sandy, coastal plain soils. These soilsare often
low in organic matter and have a clay layer
15 inches or more below the surface. Sulfur
deficiency can occur when the clay layer is
closer to the surface on shallow-rooted crops
such assmall grains. Corn, coastal bermudagrass
and tobacco are also particularly susceptibleto
sulfur deficiency. Most dry-blend tobacco
fertilizers supply adequate sulfur for the current
growing season.



Part Illl. Notes for Specific Crops / Situations

Special Printout Groups

Two plant groups require lime and fertilizer
recommendations that are appropriate for
applicationtorelatively small areas. These specia
printout groupsare

A. Lawns, Gardens and Ornamentals, and
B. Centipedegrass.

For both of these groups, lime and fertilizer
recommendations are expressed as pounds per
1000 ft?, as shown in Table 3.1.

The potassium index (K-I) and the phosphorus
index (P-1) determine the fertilizer grade
recommended. For special printout groupA, the
amount of fertilizer recommended supplies 1.0
Ib of nitrogen per 1000 ft>. For specia printout
group B, therateis 0.5 b of nitrogen per 1000 ft2.
Note 4: Fertilization of Lawns, Gardens and
Ornamentals provides additional information
regarding supplemental nitrogen rates and time
of application.

Table 3.1 Recommended fertilizer rates (Ib/1000 ft?) for lawns and ornamentals.

Phosphorus  Potassium Lawng/Gardens/Ornamentals Centipedegrass

Index (P-1)  Index (K-I) Grade Rate Grade Rate
<25 <25 5-10-10 20 3-99 16
<25 >251t050 5-10-10 20 5-10-10 10
<25 >50 5-10-5 20 5-10-10 10

>25t050 <25 6-6-18 17 5-5-15 10

>25t050 >251t0 50 10-10-10 10 5515 10

>25t0 50 >50 5-10-5 20 N only 05
>50 <25 8-0-24 125 8-0-24 6
>50 >251t0 50 15-0-14 7 15-0-14 3
>50 >50 N only 1 N only 05
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$ NOTE: Secondary Nutrients & Micronutrients (February 2007)

This note gives advice for eliminating or
preventing specific soil fertility problems. The $
on your soil test report indicates actual or
potential deficienciesof magnesium, copper, zinc
and/or manganese. Additionally, potential
toxicitiesare noted for copper and zinc at certain
soil test levels. Recommendation codesfor each
of these elements are explained bel ow. 0

required until subsequent soil tests show
adequate levelsin the soil.

Copper (Cu) Recommendation

Additiona Cuisnot needed.

Any number other than 0

Magnesium (Mg) Recommendation
0 Additional Mgisnot needed.

$ Mglevelsinthesoil arelow.

* If lime is recommended, use dolomitic
lime, which containsaminimum of 120 |b
Mg per ton. Dolomitic lime is the most
economical source of Mg.

* If no limeis needed, add 20-30 Ib/acre
of readily soluble Mg to your fertilizer.
Annual applications of Mg may be

Thisnumber isasuggested application rate
for Cu, expressed in Ib/acre. In this case,
the Cuindex (Cu-1) islow (< 25), and the
crop will respond to Cu fertilization.
Applying the suggested rate should correct
the deficiency for several years.
Incorporate broadcast applicationsinto the
plow layer for maximum benefit. Foliar
applicationiseffectiveif the Cu deficiency
occurs during the growing season as
determined by tissuetesting.

Table 1. Micronutrient application rates (Ib element per acre) *

Banded Broadcast Foliar Spray
Soil Class Mn Zn Mn Zn Cu Mn Zn Cu
MIN 3 3 10 6 2 0.5 05 0.25
M-O 3 3 10 6 4 0.5 05 0.25
ORG 3 3 10 6 6 0.5 05 0.25

* Once amicronutrient need has been established by

soil testing, a choice of the material to

use must be made. Under the soil and climatic conditionsin North Carolina, sulfates of the
particular element and liquids formulated with ammonia, chlorides and nitrates are the most
effective. Chelates and organic complexes used at equivalent elemental rates of the materials
listed above are effective, but quite expensive. Oxides and most oxysulfates, except under

special conditions, are not effective.

Premium fertilizers, which contain an array of micronutrientsin very small quantities, may not

correct a deficiency.
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$ Monitor Cu levelsin your crop. Cu-l is
low (< 25), but theindicated crop may not
respond to Cufertilization. If an application
rate is given for 1st Crop, a $ in the Cu
column for 2nd Crop remindsyou that the
second crop may still need Cuif it wasnot
applied to thefirst crop.

The Cu-l isgreater than 2000. Thecritical
toxicleve is3000. Seethe narrative printed
on the soil test report for further advice.

Zinc (Zn) Recommendation
0 Additiona Znisnot needed.

Any number other than 0
Thisnumber isasuggested application rate
for Zn, expressed in Ib/acre. In this case,
the Zn-availability index (Zn-Al) is low
(< 25), and the crop indicated will respond
to Zn. The recommended amount should
correct the deficiency for severa years.

Monitor Zn levelsin your crop. The Zn-
Al is low (< 25), but the indicated crop
may not respond to Zn fertilization. If an
application rateis given for 1st Crop, a$
in the Zn column for 2nd Crop reminds
you that the second crop may still need Zn
if it was not applied to the first crop.

TheZn-1 isgreater than 2000. Thecritical
toxicleve is3000. Seethe narrative printed
on the soil test report for further advice.

Peanuts are very sensitive to Zn, and toxicity
may occur at soil levels well below 2000. The
risk of toxicity is greater with low soil pH and
has been seen at aZn-Al aslow as 300. A critical
toxic level has been set at 500 for peanuts.

The Zn-Al isan availability index related to soil
class. The Zn-Al will be greater than the Zn-|
for mineral-organic (M-o) and organic (orG) soils
due to a lower target pH for these soil classes.

When Zn deficiencies occur dueto high pH and
phosphorus levels, afoliar application of Znis
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required. Thedecisionto apply Zninthismanner
should be based on current soil tests and plant
analyses. Some limestone sources contain
enough Zn to build soil test levels above the
critical point.

Manganese (Mn) Recommendation
0 Additional Mnisnot needed.

10 Apply Mnat arateof 10 |b/acre broadcast.
TheMn-availability index (Mn-Al) islow
(< 25), and theindicated crop isknownto
respond to Mn application.

Monitor your crop closely for Mn
problems. In this case, the Mn-I < 25, but
the crop indicated may not respond to
addition of Mn. Monitoring the crop
through plant tissue analysisisagood way
to track Mn levels in the crop. If tissue
levelsarelow, application of foliar Mnmay
be warranted.

$pH There is an existing or potential Mn
deficiency due to pH > 6.2 and
Mn-Al < 25. The recommendations
outlined here can correct or prevent this
problem:

« For currently growing crops, apply a
totally water-soluble source of Mn to the
foliage. Depending on the severity of the
deficiency and the crop's stage of growth, a
second application may berequired.

e Under preplant conditions and with
Mn-I > 25, band acid-forming starter
fertilizersthat do not contain Mn. If Mn-
| <25, usean acid-forming Starter fertilizer
containing Mn.

« If pH > 6.2, do not soil-broadcast aMn
fertilizer. If overliming is the principal
causeof Mndeficiency, apply acid-forming
fertilizers or till deeply to lower the soil
pH. Foliar applicationsand/or acid-banded
treatments are remedial and may be
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required for each crop until the pH falls
below 6.2.

pH$ Mnlevelsare high (Mn-Al > 25), but
thereispotential for deficiency since soil
pH isalso high (> 6.4). Use afoliar spray
of Mn fertilizer to correct adeficiency if
it occurs.

Mn deficiency iscommonly observed throughout
thecoasta plain. It can bedueto either overliming
(pH > 6.2) or inherently low levels of soil Mn.
Although less frequently observed, Mn
deficiencies can also occur in piedmont and
mountain regions.
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Mn availability isinfluenced by soil pH. AspH
increases, Mn avail ability decreases. Some crops
show Mn deficiency much more readily than
others.

Onthe soil test report, threevaluesrelateto Mn
levels: Mn-1, anindex correlated with the actual
amount of manganese in the soil; Mn-Al(1), the
Mn-availability index for the first crop; and
Mn-Al(2), the Mn-availability index for the
second crop.
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NOTE 1: Fertilization of Tobacco

Historically, tobacco has been aheavily fertilized
crop. Fertilizer recommendations on the soil test
report produce high-yielding, quality tobacco
assuming other limitetionsarenegligible. Theplant's
ability to use nutrients depends on adequate lime
having been applied, the method and timing of
fertilization, variety selection and nematode
management practices. Low yieldsand poor quality
are seldom related to soil fertility alone.

Lime

Therate of lime recommended on the soil test report
* raises soil pH and maintainsit between 5.8
and 6.2;

* suppliesthe essential nutrients calcium and
magnesium;

 neutralizes al uminum, which becomestoxic
to plant rootswhen the soil pH istoo low; and
* enhances uptake and use of phosphorus.

Magnesium (Mg) & Sulfur (S)

Magnesium deficiency istypically seen on light-
colored, sandy soils, often in seasons of high
rainfall. Due to this fact, this condition is aso
known as "sand drown." Symptoms are seen as
yellowing between veins on the lower leaves
(interveina chlorosis) that may progress midway
up the stalk. The yellowing often begins at the
tip or along leaf margins, progressing totheleaf's
base and center. Tissue may appear white in
extreme cases.

If thereisa$ symbol in the Mg column on the
soil test report, then magnesium levels are low.
If lime is needed, apply dolomitic lime since it
will supply 120 Ib Mg per ton. If lime is not
recommended, apply areadily available source
of magnesium at a rate of 20 to 30 |b/acre.
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Sulfate of potash-magnesia (0-0-22, 11.5% Mq)
aoneor inablendisagood source of magnesium.

Sulfur is recommended for tobacco when the
index (S-1) is 25 or lower. Tobacco often exhibits
sulfur deficiency (genera yellow color of whole
plant) before lay-by. The crop may grow out of
it later if roots reach the subsoil where sulfur
accumulates. Crops growing on deep sandy soils
whereclay is16 inchesor more below the surface
are especialy vulnerableto sulfur deficiency.

Complete fertilizers may or may not contain
sulfur. Good sources include 0-0-22 (23% S),
0-0-50 (18% S), or 24-S nitrogen solutions (3%
by weight). Typicaly, applying sulfur at arate of
about 20 Ib/acre will correct deficiencies.

Manganese (Mn)

Manganese deficiency can occur on sandy
coastal plain soils when the pH is 6.2 or higher.
The visual symptoms mimic closely those of
weather fleck but are usually more severe. Small
whiteflecks or lesions develop on lower leaves,
and with time, the flecks turn brown. As the
deficiency progresses, the flecks often join
together resulting in dead tissuefalling out of the
leaf structure. In contrast to weather fleck, Mn-
deficient plants are also stunted and have a
dightly yellow color.

If $pH appears in the manganese availability-
index (Mn-Al) column of the Recommendations
section on the soil test report, thereisapotential
for Mn deficiency. Thisdesignationindicatesthat
overlimingisthe principa cause of the deficiency.
The $ Note, which accompanies the report,
provides optionsto correct this problem.
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When Mn-Al is 25 or lower and pH is below
6.2, therate 10 Ib/acre appearsin the Mn column
of the Recommendations section. Manganese
deficiency seldom occurs on piedmont or
mountain soils. Inthese areas, toxicity isamore
likely problem and is generally prevented by
mai ntaining the soil pH near 6.0.

Zinc (Zn) and Copper (Cu)

Zinc and copper deficiencies have not been
confirmed for tobacco. However, if thezincindex
(Zn-1) or copper index (Cu-l) is below 25, a $
symbol appears in the Zn or Cu column of the
Recommendations section. Refer to the $ Note
for application rates and methodsif youwishto
increase the levels of these nutrientsin the soil.

Nitrogen (N) for Flue-Cured Tobacco

NCDA& CS sail test reports recommend arate
of 50 to 80 Ib/acre based on a wide variety of
soil and climatic conditions. Thisrange represents
the total nitrogen requirement (preplant and
sidedress) and has been satisfactory in on-farm
tests.

Rates of nitrogen are adjustable for each field,
depending on depth of subsoil:
» wheredepthto subsoil islessthan 5inches,
apply 50 Ib/acre; and
* for each additional inch beyond 5 inches,
apply 10 Ib/acre until a maximum of 80
Ib/acre is reached.
A nitrogen ratethat exceedsrecommendationscan
delay maturity and/or cause curing problems. Never
apply more than 40 |b/acre a planting. Sidedress
the remainder at lay-by.

Because of potential nitrogen problems, planting
tobacco behind legumes or after recent
application of farm manuresisnot recommended.
However, thefollowing guidelinesmay be helpful
in situations where this practice is necessary:
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* reducethenitrogen rate by 15to 20 |b/acre
(potentially less on sandy soils) following
legume crops,

* consider soil type and yield to evaluate
nitrogen reductionsfollowing corn crops;

* reduce the nitrogen rate by 30 Ib/acre for
each ton of poultry litter applied; or

* reducethenitrogen rate by 10to 15 Ib/acre
for each ton of cattle manure applied.

Growers should certainly evaluate nitrogen
sources based on handling and cost per pound.
Liquid nitrogen products such as 24-S or 30%
UAN solutions are less expensive. University
testswith thesefertilizershave shown no adverse
effectsonyield or quality when they are applied
correctly. These material s should be knifed in or
covered to prevent volatilization potential.
Accurate calibrationisespecially important since
these products or mixesare highly concentrated.

Nitrogen (N) for Burley Tobacco

NCDA&CS soil test reports recommend a
nitrogen rate of 150 to 200 Ib/acre based on
research and on-farm tests. Soil type determines
theactual rate used. Thelower rateisappropriate
on heavy-textured soils, particularly on sites
whereyields have never exceeded 2500 | b/acre.

Never exceed thehigher rate on light-textured soils.
Too much nitrogen causesripening problems and
reduces quality. Because of potential nitrogen
problems, reducethe nitrogen rate 15to 20 Ib/acre
following legumes, 301b/acrefor eachton of poultry
manureapplied and 10to 15 Ib/acrefor each ton of
cattle manure applied.

Phosphate (P,0O,)
for Flue-Cured

and Potash (K,0)
§I‘obacco

A good way to reduce expenses and off-site
movement of phosphorusfertilizer isto apply less.
About 85% of tobacco soils tested have a high
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to very high phosphorus index (P-I >50). On-
farmtests show no benefitinyield or quality from
routineapplication of phosphorusfertilizer to such
soils. Only 151b of P,O, isremoved from the soil
for each 2,500 Ib of leaf harvested.

Tobacco-grade fertilizers are available without
P and can be custom-blended to supply the N
and K,O recommended on the soil test report.
Select a mixed fertilizer grade that will supply
nitrogen at a rate of 40 Ib/acre, all the
recommended P,O, and up to 120 lb/acre of
K, O at planting or within 10 days after setting.
You can apply additional nitrogen and/or potash
later as a sidedressing.

Phosphate (P,0,) and Potash (K,O)
for Burley Tobacco

Soilsintheburley tobacco region havehighlevels
of phosphorus and potassium. These nutrients
build-up when they are applied on a continual
basis at rates that exceed soil test
recommendations.
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In 35t0 40% of the areaswhere burley isgrown,
a PO, or K,O rate of 40 to 50 Ib/acre is
sufficient. This low rate reduces fertilizer costs
aswell asthe potential for salt injury.

P,O, and K ,0 recommendeations are specific for
the soil tested. Select amixed fertilizer that best
supplies the recommended rates of P,O, and
K,O. If an appropriate mixed grade is
unavailable, use single-grade materials.
Ammonium nitrate (33.5% N), triple
superphosphate (46% P,O,) and sulfate of potash
(50% K,0) are acceptable.

Tissue Testing to Ensure Quality & Yield

Tissue testing should be an integral part of
tobacco production. During the growing season,
it can help identify nutrient deficiencies. At the
end of the season, it can be used successfully to
determine ripeness and facilitate decisions on
timing of flue-cured tobacco harvest.
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NOTE 2: Fertilization of Tobacco Plant Beds

(This note will probably be discontinued.)

Lime

Any lime suggested is designed to raise the soil
pH to an optimum level for plant growth. The
optimum pH range for tobacco seedlings is
between 5.8 and 6.2. Low soil pH values can be
detrimental dueto low calcium and magnesium
coupled with high soil acidity. At higher soil pH
values, manganese availability decreases
dramatically as the pH increases above 6.2.
Therefore, lime recommendations should be
followed as closely as possibleto stay withinthe
desired pH range.

Limerecommendationsaregivenin unitsof "M,"
which means 1b/1000 ft. To convert thisrate to
Ib/100 yd?, multiply by 0.9: for example, 100 yd?
=900 ft2. When lime is suggested, it should be
applied as early as possibleto allow ampletime
to neutralizethe soil acidity. For best results, use
high quality agricultura gradelimeandincorporate
thoroughly into thetop 6 to 8inchesof sail.

Since magnesium isdifficult to maintain on sandy
coastal plain soils, dolomiticlimeshould beapplied

(revised Aug 1998)

when limeissuggested. Piedmont and mountain
soils generally contain sufficient magnesium to
permit the use of calcitic lime.

Magnesium (Mg) is routinely tested on soil
samples. When the test results show a need for
magnesium, a $ symbol will appear in the Mg
column of the Recommendations section. If the
$ appearsonyour report and no limeissuggested,
use a12-6-6 plant bed fertilizer containing 1.0%
Mg, or broadcast 5 Ib of magnesium sulfate
(Epsom salts) per 100 yd? and incorporate2to 3
inchesinto the soil.

Fertilizer Application Rates

For plant beds covered with perforated plastic,
apply no morethan 50 1b 12-6-6 per 100 yd? (2400
Ib/acre) and incorporateinto thetop 2 to 3inches
of soil. Apply no more than 75 Ib of 12-6-6 per
100 yd? (3600 Ib/acre) on beds covered with nylon,
Reemay or cotton. Higher fertilizer rates could
result in poor germination and salt damage to the
roots of young seedlings.

Table 1. Sample application rates of some supplemental fertilizers

Content (1b)

Materials Analysis 1b/100 yd> N KO Mg S
Sodium nitrate 16-0-0 32 0.51 - - -
Nitrate of Na-K 15-0-14 34 051 048 - -
Calciumnitrate 15.5-0-0 3.23 05 - - -
Potassium sulfate 0-0-50; 17.6% S 1.0 - 0.50 - 0.18
Magnesium sulfate 14% S; 10% Mg 38 - - 038 053
Sulfate of potash-magnesium 0-0-22 2.3 - 051 025 051

22% S; 11% Mg
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On sites where the soil test phosphorus index
(P-1) islessthan 25, an additional application of
8-10 Ib triple superphosphate (0-46-0) per 100
yd?may be beneficial. Apply this additional
phosphorusaong withthe 12-6-6 and incorporate
2-3inchesinto the soil .

Supplemental Fertilizer

Additional nitrogen (N), potassium (K) or sulfur
(S) may be needed on sandy soils exposed to
excess rain or irrigation. Visual diagnosis of
deficiencies can berisky because the symptoms
for some nutrients, such as nitrogen and sulfur,
are very similar. Therefore, the need for
supplemental treatmentsisbest diagnosed by soil
and plant tissue tests. Collect soil and plant
samples as soon as any abnormal plant
symptoms are observed and have them tested.

If plant analysis and/or soil testing show aneed
for additional nutrients, use materials shownin
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Table 1. In most cases, 0.5 Ib per 100 yd? of the
nutrient element in need will correct the problem.
For example, if nitrogenislow, atop dressing of
3-5 |b nitrate of soda (16-0-0) per 100 yd? will
be sufficient.

Micronutrients (Mn, Cu and Zn)

Micronutrient needs for plant beds should be
determined by a soil test prior to plant bed
preparation. Generally, micronutrients do not
present a problem in tobacco plant beds.
However, if they test low, a$ symbol will appear
in the Recommendations section for the
micronutrient in question. The $ Note included
with your soil test report will offer suggestions
on application rates. If plant growth problems
occur and micronutrients are suspected, collect
a plant tissue sample along with a soil sample
and send them to the Agronomic Division for
testing.
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NOTE 3: Fertilization of Field Crops

Lime Sources

Liming isthe application of calcium or calcium-
magnesium compounds that are capable of
neutraizing soil acidity (raising thesoil pH). Two
major types of lime are used for agricultural
purposes: calcitic and dolomitic. Calcitic
limestone is composed of calcium carbonate
(CaCO,) and contains little or no magnesium.
Dolomitic limestoneisamixture of calcium and
magnesium carbonates [CaMg(CQO,),] and
contains, by state law, 6 percent or more
magnesium. Most lime sold in North Carolinais
dolomiticlime. Agricultural gradelime, or aglime,
must meet specificationsin fineness of grind and
guarantee a neutralizing value established by
state law.

Lime Rates

The rate (tons per acre) of lime recommended
on the sail test report should raise the pH to
 5.0for organic (orac) soils,
« 5.5 for mineral organic (m-o) soilsand
» 6.0t06.2for mineral (MIN) soils, depending
on the crop to be grown.
The recommended rate varies depending on the
level of soil acidity and the target pH for each
soil type. The pH obtained with a given rate of
limevariesdepending on uniformity of application,
particlesize, neutralizing value, method and depth
of incorporation, and soil texture.

When limeisrecommended, apply it asearly as
possibleto alow enough time to neutralize soil
acidity. For best results, use a high-quality ag
lime and incorporateit thoroughly into thetop 8
inches of soil. Apply and incorporate lime prior
to beginning reduced or no-till systemsif possible.
M aintenance applications can be surface applied.
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A low soil pH is associated with low levels of
calcium and/or magnesium as well as high soil
acidity. As the level of soil acidity increases,
aluminum increases and becomestoxic to plants.
The efficiency of nutrient uptake and use
decreases as well.

A high soil pH can reduce manganese availability.
Manganese deficiencies may occur on sandy
coastal plain soilswhen limeisapplied in excess
of therecommended rates. Therefore, follow soil
test recommendations as closely as possible.

Magnesium leaches readily from sandy coastal
plain soils. When a soil test report recommends
limeand magnesium levelsarelow, dolomiticlime
is the most economical source of both. When a
soil islow in magnesium, the soil test report will
have a $ symbol in the Mg column of the
Recommendations section. If thereisa$ symbol
but no limeisrecommended or calcitic lime has
aready been applied, then add 20-30 b Mg per
acre from a readily soluble source to your
fertilizer until a subsequent soil test shows an
adequate level.

Corn

The rate of N, P,O, and K,O recommended on
the sail test report should produce high yields as
long as other factors that influence yield are
optimized. These include lime needs, planting
date, population, soil moisture and nitrogen
management.

Nitrogen has moreinfluence on corn yield than
any other fertilizer input. Extremevariationin
soil and climatic conditions across North
Carolina make managing the timing and rate
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of application difficult. Therate recommended
on the soil report (120-160 Ib N per acre) can be
adjusted depending on soil typeand expected yield
potential. Seesection Realistic Yield Expectation
(RYE) N Rates for moreinformation.

For irrigated corn, you may need to increase
nitrogen rates 10 to 15 percent, particularly if
theplant populationisincreased. Thisisespecialy
true on sandy coastal plain soilswhere nitrogen
ismore subject to leaching.

Under most soil and climatic conditions, all the
recommended P,O, and K, O can be broadcast
before planting. However, banded starter
fertilizers, such as 10-34-0 or 18-46-0, have been
shown to stimulate rapid early growth and/or
promote uniformity in cool, wet soils. By
stimulating rapid early growth, starter fertilizers
reduce the potential of billbug damage and
often hasten maturity.

Ingeneral, starter fertilizers should be banded at
the rate of 2040 Ib of N and P,O, per acre,
two inchesto the side and two inches below the
seed at planting. The P,O, applied as a starter
should be subtracted from the total P,O,
recommended. Thetotal N and K,O appliedina
band should not exceed 70-801b per acreto avoid
saltinjury to seedling plants.

Sulfur deficiency may occur on sandy coastal
plain soilsfollowing periods of excessiverain or
heavy irrigation, especially when the subsoil is
deeper than 16 inches. Although lesslikely, levels
of plant-available sulfur can also be limiting in
organic soils.

The soil test report givesasulfur recommendation
whenever S-I < 25. Since sulfur leaches as
readily as nitrogen, it may be adequate at the
time of thereport but belimiting later during the
season. Plant tissue analysis can be used in-
season to test for sufficiency.
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Soybeans

On most soils, the P,O, and K, O recommended
on the soil test report can be applied before
planting.

Manganese deficiency on soybeansiscommonly
observed on sandy coastal plain soils when the
pH exceeds 6.2. Therefore, never apply more
lime than recommended on the soil test report.
If aMn deficiency occursdueto overliming, the
$ Note that accompaniesthe report offersadvice
on dealing with this problem.

Manganese deficiency isal so prevalent on some
sandy coastal plain soils due to the inherently
low Mn levelsin these soils. When low Mn is
confirmed by asoil test, broadcast 101b of water-
soluble Mn per acre beforelimeisapplied. This
rate should supply the Mn requirement of plants
for several years.

Soybeans heavily infested with cyst nematodes
may show symptoms much like manganese
deficiency. Consequently, fieldswith ahistory of
cyst nematodes should be analyzed for
nematodes as well as for soil and plant tissue
nutrient levels.

Double Crop: Small Grain/Soybeans
Apply only the recommended rates of lime to
avoid raising the soil pH too much. Manganese
deficiency is common when the pH is 6.2 or
higher, particularly on sandy coastal plain soils.
This deficiency has adverse effects on yields of
small grains and/or soybeans. If a deficiency
occurs, follow the advice in the $ Note, which
should arriveinthemail with your soil test report.

For small grains grown on sandy coastal plain
soilswhere nitrogen is subject to leaching, apply
20-30 Ib N per acre at planting with the
remainder top-dressed in late February or early
March. On heavy-textured soils of the piedmont
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and mountain regions, apply one-third at planting
and top-dresswith theremainder inlate February
or early March. See section Realistic Yield
Expectation (RYE) N Rates for more
information.

Apply the recommended P,O, and K,O prior to
planting. In most cases, the P,O, and K,O
recommended for double-cropped soybeans can
be applied to the preceding small grain crop. The
feasibility of this practice depends upon the
capacity of individual soilsto hold phosphorus
and potassium against leaching.

Phosphorus leaches from soils high in organic
matter with little or no mineral component.
Therefore on these soils, apply any
recommended P, O, directly to the soybean crop.

Potassium leachesfrom sandy coastal plain soils
with alow cation exchange capacity. On these
soils, apply recommended K, O directly to the
soybeans.

On soils that have the capacity to hold
phosphorus and potassium, the rate of P,O, and
KO recommended for soybeansfollowing small
grain can be reduced by one-half and applied
with the P,O, and K,O recommended for the
small grain crop.

Sulfur deficiency may occur on small grains,
especially on deep sandy soils after leaching
rainfall. Deficiency is particularly likely when
the subsoil is deeper than 16 inches and when
no sulfur has been applied to the previous crop.

The soil test report givesasulfur recommendation
whenever S-1 < 25. Since sulfur leachesreadily,
it may be adequate at the time of the report but
be limiting later during the season. To monitor
sulfur levels during the growing season, take
plant tissue samples and send them to the
NCDA&CS lab for analysis.
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Double Crop: Small Grain/Grain
Sorghum

Use the nitrogen recommendations on the soil
test report as a guide. Fertilize with PO, and
K, O as described for soybeans double-cropped
behind small grain.

Peanuts

Lime is essential for successful peanut
production. It isamajor source of calcium and
magnesium, boosts the efficiency of nutrient
uptake and use, promotes nodul ation and nitrogen
fixation and reduces the potential of aluminum
toxicity. The pH range for optimum peanut
productionisfrom 5.81t0 6.2.

Landplaster (gypsum) is often used as a source
of calcium. When applied to extremely acid soils
(pH < 5.0), it can raise duminum levels within
the root zone, resulting in poor growth and
reduced yieldsand quality. This problem can be
prevented by using limeinstead of landplaster.

Large-seeded, Virginia-type peanuts require a
high calcium content inthe soil surfaceat pegging
for pod development and production of quality
peanuts. Landplaster applied inlate Juneto mid-
July in either of the following ways meets this
requirement:
* 600800 Ib per acre of finely ground gypsum
applied in a 16- to 18-inch band over the row
at first bloom;
» 1200-1500 Ib per acre of granular gypsum
or 1800-2000 Ib per acre of by-product
gypsum broadcast.
The acidity associated with by-product gypsum
requiresthat soil pH be monitored morefrequently.

Excessive potassium can be detrimental to a
peanut crop. High levelswithin thefruiting zone
(top 2-3 inches of soil) are associated with pod
rot. Potassium also competeswith cal cium uptake
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at pegging, resulting in a high percentage of
"pops.” Therefore, apply any potash (K,0)
recommended for the peanut crop along with the
preceding crop'sfertilizer. If this cannot be done,
apply and incorporate the recommended K,O
asfar before planting as possibleto alow enough
time for potassium to move below the fruiting
zone before pegging.

Apply any recommended P,O, in one of two
ways: along with fertilizer for the preceding crop;
or directly to the peanut field prior to planting.

M anganese deficiency may occur when the soil
pH exceeds 6.2. If you suspect a manganese
deficiency, collect soil and plant samples and
have them analyzed. The $ Note that
accompaniesthe soil test report givesadviceon
thisproblem.

Peanutsare extremely sensitiveto zinc. Toxicity,
and sometimes plant death, may occur when the
zinc-availability index (Zn-Al) is 250 or greater.
Establishing apH of 6.0 or higher minimizesrisk
of zinctoxicity. Seethe $ Note (mailed with your
report) for details.

The amount of boron recommended on a soil
test report (0.5 Ib B per acre) prevents hollow
heart in peanuts. Boron can be applied as a
preplant broadcast treatment along with other
fertilizer applications, or with the preplant
incorporated herbicide application. Alternatively,
apply 0.25 Ib B per acre as afoliar spray near
blooming prior tofruiting. Apply another 0.251b
two weeks later. The total rate of boron should
not exceed 0.5 |b per acre.

Cotton

A soil pH near 6.2 isessentid for the production of
high-yielding, qudlity cotton. Cottonisvery senstive
to soil acidity and hasahigh calcium requirement
for quality lint production. Liming neutralizes soil
acidity, suppliestheca ciumand magnesumrequired
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for plant growth and fiber production, and promotes
the efficient use of other plant nutrients.

Rate and timing of nitrogen applicationsstrongly
influence cotton yield. Low nitrogen reduces
yield. Too much nitrogen causes excessive
vegetative growth, makes pesticide coverage
more difficult, delays fruiting and maturity,
increases attractiveness to insects and reduces
the effectiveness of defoliants.

The nitrogen rate (5070 Ib per acre) given on
the soil test report can be adjusted depending on
soil typeand expected yield potential. See section
Realistic Yield Expectation (RYE) N Rates.

On sandy coastal plain soils where nitrogen is
subject to leaching, apply 2025 Ib per acre at
planting with the remainder side-dressed shortly
after formation of squares. On deeper sandy soils
whereleaching isextensive, apply side-dressed
nitrogen in split applications. Apply all nitrogen
by mid-June.

In most cases, apply all recommended P,O, and
K,O at planting. High-phosphate starter
fertilizer (10-34-0), banded at planting, can
enhance growth and maturity for cotton planted
early on cool soils. Place banded starter fertilizer
2 inchesto the side and 2 inches bel ow the seed
toavoid salt injury to young seedlings. On deep,
sandy-textured soils where potassium leaches,
consider split applications of K,O.

Boron is essential for good bloom set, seed
development, and fiber production. The boron
recommended on a soil test report (1.0 |b per
acre) isfor broadcast application during seedbed
preparation. Alternatively, if borated fertilizeris
banded, apply 0.2-0.4 |b actual B per acre. For
foliar application, use 0.25 b B per acre at early
bloom followed by another 0.25 Ib after two
weeks. Select a highly water-soluble boron
source. Monitor the boron status during the
season with plant tissue analysis.
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Sulfur deficiency can occur on sandy coastal
plain soils where the clay is below 16 inches,
particularly in seasons of excessive rainfall.
Rates of 2025 Ib per acre applied along with
thefertilizer safeguard against sulfur deficiency
under most soil and climatic conditions. Since
sulfur and nitrogen deficiencies are similar,
submit plant tissue and soil samplesfor problem
analysisand verification.

The soil test report givesasulfur recommendation
whenever S-1 < 25. Since sulfur leachesreadily,
it may be adequate at the time of the report but
be limiting later during the season. To monitor
sulfur level sduring the growing season, take plant
tissue samplesand send them to theNCDA& CS
lab for analysis.

Realistic Yield Expecation (RYE)

N Rates

More specific nitrogen rates can be used based
onredligticyield expectationsby soil type. These
rates are required for waste and nutrient

management plans in some N.C. river basins.
Rates using the RYE approach are available
online at www.soil.ncsu.edu/nmplyields/.

Livestock and Poultry Manures

Farm manures can be valuable sources of N,
P,0,, K,O (Table 1) and, in some cases, the
micronutrients zinc and copper. Since nutrient
content varies with rate and method of
application, it is best to have the manures
analyzed for nutrient content near the time of
application. NCDA&CS offers a basic waste
analysisfor afee of $5.00 per sample and specia
tests (lime equivalence, heavy metals, nitrogen
breakout) for an additional fee of $10 per test
per sample.

Repeated applications of animal waste can lead
to high levels of zinc and copper within crops.
Excessivelevelscan betoxic to plantsand cause
reproduction problems in livestock. Test soils
regularly to determine when to discontinue
application of manuresfor a particular site.

Table 1. Average plant nutrients available the first year after broadcast

*

application of animal waste.

Broiler house litter (>6,000 samples)

Turkey house litter (>2,500 samples)

Anaerobic swine lagoon (>38,000 samples)

Dairy manure slurry (>1,500 samples)

N PO, K,0
Ib/ton
29.0 26.8 40.0
24.2 28.0 26.6
----------- Ib/1000 gallons----------
1.8 1.0 54
4.6 4.2 9.7

* Based on NCDA& CS waste analyses, 1999 to 2006.
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NOTE 4: Fertilization of Lawns, Gardens and Ornamentals

(revised April 2007)

Lime

Limeisaprimary ingredient for improving the
soil environment and promoting plant growth.
Limeneutralizessoil acidity, improvessoil tilth,
stimulates microbial activity, enhances the
availability of key nutrient el ementsand supplies
the essential nutrients calcium and magnesium.
Noother amendment contributessomany benefits
to the soil environment.

Therearetwotypesof limeused for agricultural
purposes: calcitic and dolomitic. Calcitic
limestone contains calcium carbonate (CaCO,)
but little or no magnesium. Dolomitic limestone
contai nsboth cal ciumand magnesium carbonates
[CaMg(CO,),] andhasatleast 1201b Mg per ton.

Most bagged lime sold by farm suppliers and
garden centersis a finely ground, high quality
agricultural grade of dolomitic lime. Pelletized
lime used as specified on the label should be
equally as effective.

Lime recommendations on the soil test report
areexpressed in unitsof M, whichisthe same
as|b/1000 ft2. Therate suggested should raise
the pH to 5.5 for centipedegrass, 6.0 for other
lawn grasses and 6.0 to 6.5 for gardens. The
limeapplication should keep soil pH withinthe
desired range for two to three years on sandy
coastal plain soilsand for threetofour yearson
silt and/or clay piedmont and mountain soils.

For gardens and newly established lawns,
broadcast lime over the surface and incorporate
it4—8inchesintothesoil. For establishedlawns,
gardens and ornamental shrubs, apply the
recommended lime over the surface prior to
rainfall or irrigation.
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Do not surface-apply morethan 501b of lime per
1000 ft2at any given time. If the suggested rate
ishigher, apply 50 b initially and the remainder
sixmonthslater. Limeresiduewill not harmplants
andcanberemovedeasily by irrigationor rainfall.

Apply limebasedonacurrent soil test. Overliming
can reduce the availability of certain
micronutrients. Thisproblemiscommononsandy
coastal plain soils.

Fertilizer

The numbers on the fertilizer bag represent the
grade of fertilizer: that is, the percentage of
nitrogen (N), phosphate (P,O,) and potash (K ,0)
contained in the material. All fertilizer grades
areidentified by the same label sequence (%N-
%P,0.-%K ,0). For example, 20 Ib of 10-10-10
contain 21b of N, 21b of P,O_ and 2 Ib of K,O.

If you have a bag of 10-10-10 and want to
apply 1 1b of nitrogen per 1000 ft2, you would
calculate the amount to apply as follows:

Ib N desired / 1000 ft2
%N found in 10-10-10

_ 10
0.10

= 101b/1000 ft?

The number of pounds of the nutrient you want
to apply per unit area divided by the grade
percentage gives the amount of fertilizer to
apply. Therefore, 10 Ib of 10-10-10 supply 1.0
Ib of N.

Use the same method for calculating the rate
requirement from any fertilizer grade. The
desired nutrients can also be obtained from
single-nutrient fertilizers such as ammonium
nitrate (34-0-0, 34% N) for N, muriate of potash
(0-0-60, 60% K,O) for K, and triple
superphosphate (0-46-0, 46% P,0O,) for P.
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The rate of fertilizer recommended on the soil
test report isin unitsof M, which isthe same as
Ib/1000 ft2. Read on for crop-specific
information.

For lawns in general. The fertilizer rate
given on the soil test report supplies enough
phosphorus and potassium for an entire season.
However, applying K,O at a rate of

Table 1. Nitrogen fertilization
(1b/1000 {t?)

For cool-season grasses®

Feb Sept Nov

tall fescue 1 1 1
tall fescue &

Kentucky bluegrass 1 1 1
fine fescue &

Kentucky bluegrass 1 1 1
perennial ryegrass &

Kentucky bluegrass 1 1 1-2
Kentucky bluegrass 1 1 1-2

For warm-~-season grasses®

May Jdune dJuly Aug

common bermuda 1 1 1 1
hybrid bermuda 1-1.5 1-15 1 1
centipede - 0.5 - -
<. Augustine 1 0.5 1 0.5
zoysia 1 0.5 - 05
bahia 1 - 05 -

* The fertilizer recommended on the soil test
report will supply the annual P,O, and K,O
requirements. Choose a fertilizer that will not
exceed the nitrogen rate recommended for
specific applicaiton periods. This table gives
additional nitrogen requirements and specified
times of application.
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1.0 1b/1000 ft? in the fall improves the winter
hardiness of warm-season grasses.

Table 1 givesthe nitrogen fertilization schedules
for common lawn grasses. The fertilizer rates
on the soil test report supply 1.0 Ib N per 1000
ft2 for al lawn grasses, except centipedegrass.
Subtract the nitrogen rates suggested on the soil
test report from the total nitrogen shown in the
table. Rates greater than those showninthetable
enhance disease pressure, drought stress and
winter injury.

For centipedegrass lawns. The
recommended nitrogen fertilization rate for
centipedegrassisonly 0.5 [b/1000 ft2 Nitrogen
rates that are suitable for other lawn grasses
cause excessive growth and winter injury on
centipedegrass.

If you have a centipedegrass lawn and did not
specify this when submitting your soil sample,
your lime recommendation probably isin error.
If thisisthe case, check the soil pH on your soil
test report. If itis5.5 or higher, do not apply any
lime. If it is below 5.0, apply 50 percent of the
lime recommended on the report.

Table 2. Supplemental nitrogen
for vegetables

Rate Schedule

(Ib/1000 it?)

Crop

tomatoes 0.5-1 2 applicationsat monthly
intervals > 1st bloom
potatoes 152 1 month > emergence
sweetcorn 1.5-2 1 month > emergence
cabbage 0.5-1 1 month > transplanting
squash 0.5-1 1 month after emergence
okra 0.5-1 when plantsare 2 ft high
beans 0.5-1 1 month > emergence
peppers 0.5-1 1 month > transplanting
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Centipedegrass is sensitive to overliming. It
turnsyellow dueto an iron deficiency when soil
pH is high. Consequently, if the pH is above
5.9, acidify the soil as described under the
heading For azalea, camellia, mountain
laurel and rhododendron.

If centipedegrass yellows due to an iron
deficiency, afoliar application of iron will solve
the problem temporarily. However, anematode
infestation can also cause similar symptoms.
Therefore, if yellowing occurs, submit separate
soil samplesfor nematode assay and soil fertility.

For vegetable and flower gardens.
Spread the recommended amount of fertilizer
uniformly over your garden plot. Incorporate it
4-6 inches into the soil before seeding or
trangplanting. Thismethod of application reduces
the potential of salt injury to germinating seeds
or young transplants.

Alternatively, broadcast about 3/4 of thefertilizer
over the surface and incorporate it. Band the
remainder intherow: 2—3inchestothesideand
2 inches below the seed at or prior to planting.
Keep in mind that fertilizers are salts. Applying
too much can have adverse effects on seed
germination or on young transplants.

Certain vegetable crops require additional
nitrogen during the growing season. Side-dress
the extranitrogen at therates and times specified
in Table 2. Irrigate following application to
enhance movement of nutrients into the root
zone.

For azalea, camellia, mountain laurel
and rhododendron. These plants have
similar requirements. They are acid-loving
plants and grow best when the soil pH ranges
from 4.8 to 5.5. Azalea and camelliafertilizers
are generally acid-forming, which is an added
benefit if the soil pH istoo high (above 6.0).
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Recommendations on the soil test report
supply 1 Ib N per 1000 ft2, a rate sufficient for
oneyear'sgrowth. However, splitting fertilizer
treatments into three equal applications will
produce more uniform growth and minimize
leaching: 1/3inearly April, 1/3in Juneor July
and 1/3 in September.

Many factors cause leaf yellowing on these
shrubs: iron deficiency dueto high soil pH, use
of new or undecomposed organic matter, poor
internal drainage, excessive fertilizer
application, root diseases, nematodes and/or
insects. Consequently, before taking any
corrective action, collect soil and plant tissue
samples and have them analyzed.

If test results indicate an iron deficiency, apply
awater-solubleironfertilizer to theleaves, using
the rates on the label. Reapply if symptoms

reappear.

If the soil pH isabove 6.0, apply 34 1b elemental
sulfur or 20-30 Ib iron sulfate per 1000 ft2.
Irrigate the treated area thoroughly to enhance
reaction and remove any residue on the plants.
Higher rates could damage plant roots by
lowering soil pH too rapidly. Take asoil sample
two to three months after any acidification
process to determine if further adjustment is
required.

For roses. Roses have a high calcium
requirement. Lime recommendations are
designed to maintain soil pH within a range of
6.0t0 6.5. A rate of 50 Ib/1000 ft? is equivalent
to spreading 1/2 cup around aplant to adistance
of 18 inches. For best results, mix limeinto the
top 34 inches of sail.

Apply the recommended fertilizer in April or
when the first flower buds appear. Apply
additional nitrogen at rates of 0.5-1.0 |b/1000
ft? at monthly intervals through August. Water
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thoroughly following fertilizer application.
Apply specially formulated fertilizers as
indicated on the label.

For other ornamental shrubs. The
fertilizer recommendation on the soil test report
provides enough plant nutrientsfor oneyear. The
best timeto apply fertilizer isinthe early spring,
usually one month prior to the most rapid growth
period.

For individually transplanted shrubs,
incorporate 0.25-0.5 Ib of lime into the soil
removed from the transplant hole before
replacing it around the plant. Spread fertilizers
evenly around the plant 10-12 inches from the
base and water thoroughly.

In cases where many plants are being planted
in beds, incorporate lime and fertilizer prior to
setting plants. Ideally, you should incorporate
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any recommended lime several weeks before
planting to allow adequate timeto neutralize soil
acidity.

For shade trees. Thefertilizer rategivenon
the soil test report providesthe nutrientsrequired
for the entire growing season. Apply fertilizer
in February or March, prior to budding. Mature
trees growing within a lawn seldom need any
fertilizer beyond that applied to the lawn.

To fertilize individual trees, convert the rate
from 1b/1000 ft? to Ib/inch of tree diameter.
Multiply Ib/1000 ft? by 0.05 when the tree is
less than 6 inches and by 0.1 when the trunk is
greater than 6 inches in diameter. Spread the
fertilizer evenly around the tree starting 12
inchesfrom thetrunk and extending just beyond
the drip line.
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NOTE 5:

High quality Christmas tree production (blue
spruce, cedar, Fraser fir, hemlock, Leyland
cypress, Norway spruce, Virginia and white
pines) requires a properly adjusted pH and an
adequate supply of al essentia nutrients. Soil
fertility promotes maximum tree growth aswell
as desired dark green color and retention of
needles. Trees derive the most benefit fromlime
and fertilizer when applied at the appropriatetime
with correct placement.

Soil pH and Lime

Soil pH affectsthe availability of essential plant
nutrients as well as potentially acidic elements
(aluminum, hydrogen, manganese) that can be
toxic to plant roots. Lime raises soil pH by
neutralizing acidity while supplying calcium (Ca)
and/or magnesium (Mg).

Lime is either calcitic (calcium carbonate) or
dolomitic (calcium magnesium carbonate). In
North Carolina, most commercidly availablelime
isdolomitic. Choose dolomitic limewhen soil Mg
levels are low, as indicated by a dollar symbol
(%) in the Mg column of the Recommendations
section of the soil test report.

Table 1. Target soil pH

whitepine, Virginiapine pH 5.5

Fraser fir, hemlock, pH 5.8, establishment

Norway spruce pH 5.5, maintenance
Leyland cypress pH 6.0
blue spruce, red cedar pH 6.5

Fertilization of Christmas Trees
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(revised February 2008)

All materials sold aslimein North Carolinaare
regulated under the N.C. Lime Law. This law
requires that a ton (2000 Ib) of dolomitic lime
contain at least 6% (120 Ib) soluble Mg.

Thesoil test report limerecommendationisgiven
in tons/acre (T) to raise the pH to the desired
target (Table 1). Lime reacts faster and reduces
soil acidity more effectively if mixed into the soil
to adepth of six to eight inches. Typicaly, this
can only be done before establishing a new
planting.

Soil pH management is more difficult in
established fields. Surface applications react
slowly dueto limited soil contact and lime'slow
water solubility. As aresult, sasmples analyzed
12-18 months after a surface application,
especially under prolonged drought periods, may
till indicatelow pH in theroot zone and aneed
for additional lime. In established fields, a4-inch
sampledepth moreaccurately predictslimeneeds.

If too much limeisapplied, soil pH can become
too high and adversely affect the avail ability of
nutrients, especially micronutrients. When
surface-applying lime, never apply more than
15T at any given time. Wait 12 months before
applying any additional lime.

Calcium (Ca)

Calcium promotes adequate shoot and root
development. It also reduces needle drop.
Christmastreeshave ahigh Carequirement and
may need more Ca than lime supplies. When
that is the case, use calcium sulfate (CaSO4),
commonly called gypsum. Thisrelatively soluble
fertilizer contains 20-22% calcium and 18%
sulfur. It will not increase soil pH.
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A Ca%level of 50-55issufficient for Christmas
tree production, depending on the soil's cation
exchange capacity (CEC), as found on the soil
test report. For example, values of Ca%=50 and
CEC=5 indicate 891 Ib/acre of available Ca. A
soil with Ca%=50 and CEC=10 contains 1792
Ib/acre of available Ca.

The Ca% and CEC values given on the soil test
report help determine the rate of gypsum (Ib/
acre) to apply. The rate in Table 2 assumes a
22% Cacontent for gypsum. To convert |b/acre
to Ib/tree, divide by 1742 (based on 5x5-ft tree
spacing). Spreading gypsum in a 12-inch band
outward from the drip line of treesincreasesthe
efficiency of Ca uptake.

If the soil test report recommends lime and
Ca% < 45, you need to apply both recommended
lime and gypsum at arate of 10-12 ounces per
tree. On these sites, a Ca% value of 45 is
sufficient if limeisnot recommended.

Magnesium (Mg)

Magnesium is necessary for good tree color. On
your soil test report, look for asymbol intheMg
column of the Recommendations section: 0
indicatesthat Mg levelsare sufficient; $indicates
that levels are low. Refer to the $ Note included
with your soil test report for additional information
onMg.

Table 2. Gypsum application rates (Ib/acre)

Ca% value given on soil test report

CEC 4 46 47 48 49 5 51 5 53 ™S4
20 325 290 260 225 195 160 130 100 65 30
4.0 650 580 520 455 390 325 260 200 130 65
45 730 655 580 510 435 365 290 220 145 75
5.0 810 730 650 565 485 405 325 245 160 &0
55 890 800 715 625 535 445 355 265 180 9D
6.0 975 875 780 680 585 485 390 290 191 100
6.5 1055 850 840 735 630 525 420 315 210 105
7.0 1135 1025 910 795 680 570 455 340 225 115
75 1215 1095 970 850 730 610 485 365 245 120
8.0 1300 1170 1035 910 780 650 520 390 260 130
Table 3. Magnesium application rates *
Source Ib/acre 1b/1000 ft?
Magnesium sulfate] 10% Mg, 13% S] 200 4.6
Sulfate of potash [11% Mg, 22% KO, 22% S| 182 4.2
Magnesium oxysulfate [36% Mg, 6% S] 56 13

* Rates supply 20 Ib per acre of magnesium.

50



Notes for Specific Crops / Situations

Dolomiticlimeisan excellent source of Mg, but
do not apply it unlessthe soil test report indicates
that limeisneeded. If Mgisneeded ($) but lime
is not, apply 20-25 Ib/acre of a water-soluble
source. Sulfate of potash magnesia (0-0-22,
11% Mg, 23% sulfur) isagood source of Mg. If
the soil test Mg% value > 20, use calcitic lime.
Adding additional Mg when levels are already
in excess of 20 percent could contribute to Ca
and/or K deficiency.

Table 3 lists sources of this nutrient and rates
that will provide 20 Ib/acre of Mg. Blending these
materials with other fertilizers ensures a more
uniform application.

High Soil pH Concerns & Management

If needles turn yellow or show other nutrient
deficiency symptoms, soil pH may be too high.

EQUIVALENT
Ibs N / acre Salt Index *

110 16.5

170
25.4

303
453

680 102

AR
2 N
g 0O o
o 0 OGNS

SPACINGS

High pH can limit availability of many
micronutrients, especially manganese. Before
taking correctiveaction, collect both soil and plant
tissue samples and have them analyzed.

If the soil test confirmsabnormally high pH, apply
either elemental sulfur (S) (flowers of sulfur,
90% S) or ammonium sulfate (21-0-0). For sandy
textured soilswith low CEC values and apH of
6.0-6.2, apply enough ammonium sulfateto meet
the annual nitrogen requirement.

On heavy-textured soils (high in organic matter
or clay) with high CEC values and pH > 6.2,
apply elemental sulfur at a rate of 150-200
Ib/acre or 1.4-1.8 oz/tree.

Spread S around trees in a 12-inch swath from
the drip line outward. Even distribution helps
prevent devel opment of zones of extremely acid
soil.

Table 4. Nitrogen application rates
for seed/lineout beds

Source 1b/400 ft?
Ammonium nitrate[33% N] 3
Cacium nitrate[15.5% N] 6.5
Ammonium sulfate[20.5% N] 5
Urea[46% N] 2

Diammonium phosphate[18%N, 46%P,0] 5

Table 5. Field nitrogen rates

N rate (oz/tree)

Age of tree in field Spring Fall

Figure 1. Nitrogen rate and salt
index based on area of application of
ammonium nitrate
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1to 2 years (establishment) 0.5

3 years and older (maintenance) 0.5 0.3-0.5
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Higher rates of S can be incorporated into lineout
bedsprior to planting. However, do not exceed 300—
350 Ib per acre or 7-8 |b per 1000 ft2. Irrigating
after a S application enhancesits rate of reaction.

Phosphate (P,0,) and Potash (K,0)

The rates of P,O, and K,O recommended on the
soil test report arein units of b per acre for field
production and Ib per 1000 ft2 (abbreviated M) for
nursery or lineout beds. Relatively high levels of
soil phosphorus (P) promotetree devel opment and
good bud set. Rapid growth during thethird year of
production increases need for potassium (K).

Try toapply Puniformly and incorporateit intothe
soil whenever possible. Inacid soils, Pisconverted
to forms that are unavailable for plant uptake.
Liming counteractsthis process and increasesthe
amount of P available to plants. Therefore, apply
any recommended limebeforefertilizingwith P 1f
this is not possible, you can apply lime and P
smultaneoudy.

Unlike P, K moves into the soil evenif it is not
incorporated. If the soil test report recommends
applying more than 100 Ib/acre of K,O, apply
half in the spring and half in the fall. Applying
more than 50 Ib/acre at one time increases the
risk of soluble salt injury, especially during dry
weather. Saltinjury ismorelikely with potassium
chloride (0-0-60) than with potassium sulfate
(0-0-50).

Applying gypsum at thistimemay reduceK levels
in the root zone. Monitor K status with soil and
plant analysis at least every two yearsto ensure
sufficiency.
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Nitrogen (N)

Proper N application optimizes efficiency of
nutrient uptake, promotes maximum growth and
reduces chance of soluble salt injury.
Recommended rates are based on uniform
application to a5x5-ft area. If the same amount
(e.g., 1.00z of nitrogen) isapplied over asmaller
area, both therate of application and the soluble
salt index increase in direct proportion to the
reduction in area (Figure 1).

—Seed/Lineout Beds. Apply N at arate
of 1.0 Ib per 400 ft2 (~2.5 b per 1000 ft2) asa
single treatment in the spring prior to bud
break. See Table 4 for comparable rates of
specific N fertilizers. Apply when foliage is
dry and follow with 0.25 inch of irrigation to
prevent leaf burn.

—Field Establishment. Apply N one
month after transplanting or two weeks before
bud break on fall- or winter-planted trees. You
may want to reduce thefertilizer rate for trees
less than three years old. For example, if you
apply N over a 3x3-ft area (9 ft2) instead of a
5x5-ft area (25 ft2), apply one-third of thetotal
N recommended. Spread N in a 12-inch band
from the drip line outward. On small trees,
apply N 12 inches from the base of the trunk.

—Field Maintenance. The rate of N
recommended on the soil test report (90-110
Ib/acre) is the total annual requirement for
broadcast field application. This rate delivers
approximately 1.0 oz N per tree based on a
5x5-ft tree spacing. Table 5 shows a schedule
for applying N based on age of treein thefield.
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NOTE 6: Fertilization of Commercial Vegetable Crops

(January 2007)

Successful commercial vegetable production
depends on the management of many different
components, with soil fertility being one of the
primary considerations. Following soil test
recommendations for lime and fertilizer should
produce optimum yields under average climatic
conditions as long as other aspects of standard
good management are practiced.

Soil testing hel psensure agood economic return
for each dollar spent on fertilizer. Following soil
test recommendations also helps protect the
environment from pollution by excessfertilizer
nutrients. Thisnote providesguidancefor making
soil fertility decisionsrelated to field production
of vegetables where plasticulture is not used.

Lime

The NCDA& CSrecommends having soil tested
every two to three years to determine lime and
fertilizer needs. Liming to the target pH for the
crop you intend to grow creates favorable
conditionsfor rooting by neutralizing soil acidity
and supplying cal cium and/or magnesium. Most
vegetable crops grow best at atarget pH of 6.0,
but 6.5 is recommended for tomatoes and for
establishment of asparagus.

Two types of lime are commonly availablein N.C.:
calcium carbonate (calcitic lime) and calcium
magnesium carbonate (dolomitic lime). On coarse-
textured (sandy) soilswhereleachingisaconcern or

Table 1. N recommendations (Ib per acre) for selected vegetable crops

Crop Total N Rate Application Method & Timing N per Application
Bell pepper 80-130 planting, broadcast 40-50
1st fruit set, sidedress 40-50
|ater in season, if needed 4050
Cabbage 100-150 planting, broadcast 50-75
2-3 wks postplant, sidedress 25-50
late in season, if needed 2550
Cucumber (field) 80-140 planting, broadcast 40-80
2 wks postplant 20
1stvinerun 2040
Irish potato 100-150 planting, broadcast 50
4-5 wks postplant, sidedress 50-100
Sweetpotato 60-90 planting 0
34 wks postplant 6090
Tomato (field) 90-120 planting, broadcast 45-60

1st fruit set, sidedress

45-60
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on soilswith low levelsof magnesium, it isbest
to use dolomitic lime. Agricultural grade
limestone provides maximum reactivity and
effectiveness, especially when incorporated into
the soil 6to 8inchesdeep in conventiond tillage
situations.

Nitrogen (N), Sulfur (S) & Potash (K,0)

Recommended total nitrogen rates depend on the
crop (Table 1) and, to some extent, on soil
productivity. Thetiming of the application isvery
important for efficient use. Good nitrogen sources
include calcium nitrate (15.5-0-0), diammonium
phosphate (18-46-0), anmonium sulfate (21-0-0)
and variousnitrogen solutions.

Note: Sodium nitrate (16-0-0) and ammonium
nitrate (34-0-0) area so excellent sources, but they
will beunavailable soon.

Sulfur helpsaplant use nitrogen efficiently so it
is not surprising that deficiency symptoms for
nitrogen and sulfur (yellow leaves) are similar
and often confused. Sulfur deficiency tends to
occur on coarse-textured (sandy) soils. Rainfall
washes sulfur out of the root zone and into the
subsoil, especialy on deep sands. Although less
likely, levelsof plant-available sulfur can also be
limitingin organic soils.

The soil test report givesasulfur recommendation
whenever S-I < 25. Since sulfur leaches as
readily as nitrogen, it may be adequate at the
time of thereport but belimiting later during the
season. Plant tissue analysis can be used in-
season to test for sufficiency. Fertilizers that
supply sulfur include ammonium sulfate
(21-0-0-24), potassium sulfate (0-0-50-18) and
sulfate of potash-magnesia (0-0-22-22).

Potash may also be a concern on sandy sails. If
tomatoes and peppersare growing on sandy soils
whereleaching has occurred, it may be beneficial
to apply similar amounts of potash and nitrogen
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at sidedress. If you suspect leaching of nutrients
from coarse-textured (sandy) soils, you can use
plant tissue tests to find out if supplemental
applicationsof nitrogen, potassium and sulfur are
needed.

Boron (B)

Boron isan essential nutrient that plantsneed in
minute quantities. High soil levels can be toxic
to plants. Boronislessavailableto plantswhen
the soil pH is above 6.5; it aso tends to leach
from sandy soils.

NCDA& CS soil tests do not measure boron, but
reports do recommend annual application for
certain vegetable crops that are especially
sensitive to boron deficiency. These crops
include broccoli, brussel sprouts, cabbage,
cantaloupe, cauliflower, collards, field
cucumbers, okra, peppers, radish, rutabaga,
tomato, turnip, and watermelon. In production
of asparagus, boron should be applied to the soil
every third year.

NCDA&CS recommends a broadcast
application of 1to 2b/acreat planting. Thelower
rateisrecommended on coarse-textured (sandy)
soilsto reduce therisk of toxicity.

Boron can be put out asafoliar application, but
timingisvery critical to achievedesired results.
The recommended rate is 0.2 |b/acre boron in
sufficient water for coverage. Apply foliar boron
asfollows: prior to heading of cole crops, prior
toroot swell inroot crops, and at first bloom for
tomatoes and okra.

Special Concerns
—Manganese (Mn) Deficiency

Levels of this essential micronutrient are often
low inmineral soilsof the coastal plain. Because
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manganese becomes more unavailable as the
soil pH increases above 6.3, excessive liming
should be avoided.

Shap beans, vine crops and tomatoes, in
particular, benefit from adequate levels of
manganese. If soil test levelsare low, broadcast
manganese at arate of 10 |b/acre. If manganese
is unavailable due to high soil pH, apply 0.5
Ib/acre as a foliar spray. Try two applications
about 10 days apart when deficiencies are
severe.

—Blossom End Rot

Calcium (Ca) deficiency causes this common
tomato problem—arot on the bottom of thefruit
(blossom end). The problem can occur in dry
weather even if calcium levels in the soil are
adequate because plant uptake is limited.

To supply calcium to the soil, use calcium nitrate
(agood nitrogen source) or calcium sulfate (also
know as gypsum or landplaster). To apply
calcium directly tothefruit, spray 4 Ib of calcium
nitrate or calcium chloride per 100 gallons of
water (4 thsp/gallon water) every 7 to 10 days
for at least two to three applications.

—Magnesium (Mg) Deficiency

Often seen on tomato, symptoms include
interveina chlorosis of the lower leaves. The
problem frequently occurs on sandy soils, where
magnesium reservesarelimited duetolow cation
exchange capacity (CEC). Magnesium also
tends to leach from these soils.
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If limeisneeded, dolomiticlimeisagood source
of magnesium. If lime is not needed and soil
magnesium levelsareinadequate, apply enough
sulfate of potash magnesia(0-0-22, 11% Mg) to
provide 20 to 30 Ib of magnesium per acre. If
magnesium deficiency occursduring thegrowing
season, apply Epsom salts (11% Mg) at arate
of 2to 4 Ib/acre.

—Use of Plant Tissue Sampling

You can check to seewhether acropisreceiving
sufficient nutrients by collecting tissue samples
and having them analyzed. Be careful to collect
representative samples and provide adequate
information about growing conditions. When
trying to diagnose a problem, take separate
samples from both normal- and abnormal-
looking plants, and collect soil samplesfrom each
area.

Other Sources of Fertilizer Information

NCSU Horticultural Leaflets:
www.ces.ncsu.edu/depts/hort/hil/veg-index.html

The current N.C. agricultural chemicals
manual: ipm.ncsu.edu/agchem/agchem.html

Vegetable crop guidelines for the
southeastern U.S., published by the N.C.
Vegetable Growers Association

Sustainable practices for
production in the South:
www.cals.ncsu.edu/sustainable/peet/

vegetable
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NOTE 7: Fertilization of Trellised and Staked Tomatoes

(revised September 2005) (currently in process of revision)

Tomatoes, like many vegetables, require ahigh
level of fertility for desired production. One of
themodgt critical aspectsof soil fertility associated
with tomato culture is correction of soil acidity
by lime application. A soil pH of 6.5 promotes
root system health and plant nutrient availability
throughout the season.

Low soil pH can beharmful to plants. It increases
the availability of elements like aluminum and
manganese that can be toxic to plant roots. It
decreases availability of essential nutrientslike
calcium and magnesium. Asaresult, it increases
the tendency for blossom-end rot.

When the soil pH is around 6.5, tomatoes take
up enough calcium and magnesium for optimal
plant growth and fruit development. Magnesium
levels are most often a concern when tomatoes
are grown on light-colored, sandy soils. When
soil pH is low, the best way to provide enough
calcium and magnesiumisto apply lime.

Lime Sources

For agricultural purposes, there aretwo types of
lime: caciticand dolomitic. Calciticlimeiscacium
carbonate (CaCO,,). It contains no magnesium.
Dolomitic lime iS a mixture of calcium and
magnesium carbonates (CaM g(COB)Z) and
containsaminimum of 120 |b magnesium per ton.

Most agricultural limeavailablein North Carolina
isdolomitic. Generally, it ispreferred becauseit
suppliesmagnesium. However, when magnesium
levels are adequate, especially on the fine-
textured soils of the mountains and piedmont,
calcitic lime can be used without concern.

Low levelsof magnesium areindicated on the soil
test report by a"$" symbol in the Mg column of
the “Recommendations’ section. When soil pH
and magnesium are both low, apply dolomiticlime.
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If the soil report indicatesthat magnesiumislow
but lime is not needed, apply magnesium at a
rate of 25-30 |b/acre from a readily soluble
source such as sulfate of potash magnesia (0-0-
22,11.5% magnesium).

Lime Rates, Timing and Application

Thesoil test report limerecommendationisgiven
inunitsof tonsper acre. Thisamount should raise
soil pH to about 6.5. However, the actual pH
obtained will vary depending on soil texture, lime
quality (particle size, neutralizing value) and
method of application (depth of incorporation).

If asoil test recommends lime, apply it as soon
as possible to allow time for soil acidity to be
neutralized. For thebest results, useahigh-quality,
agricultural-grade lime and incorporate it
thoroughly into the upper 6 to 8 inches of soil.
Since limeis not very water soluble, it does not
move easily down into the soil. Therefore,
spreading lime on the soil surface after bedding
or planting is not very effective and should only
be done to correct a serious pH problem that is
diagnosed during the growing season.

Soil texture affects the lime requirement. Very
coarse-textured soils in the coastal plain may
need lime every year. Fine-textured soils and
thosewith high levelsof organic matter typically
require lime every two to three years. Where
high rates of acid-forming nitrogenfertilizersare
used, lime may be needed more often.

Preplant Fertilization
—Piedmont and mountain soils

For determinant varieties like 'Mountain Pride,
broadcast 40-60 Ib N per acre and al of the
recommended P O and K,O. Incorporate the
fertilizer into the 50|I Sldegress the remaining



Notes for Specific Crops / Situations

nitrogen (50 Ib/acre) when thefirst fruit clusters
are formed. The total nitrogen rate ranges from
90 to 120 Ib/acre.

For stimulation of early growth, apply a water-
soluble, high-phosphate starter fertilizer at
transplanting. Use 2—4 |b material per 100 gallons
of water. Since the starter rate is so low, do not
reduce the rate of the recommended fertilizer to
account for it.

—Coastal plain soils

Follow the preplant and sidedress fertilization
schedule recommended for the mountain and
piedmont regions. The production season is
shorter in the coastal plain due to the effects of
high atmospheric temperatures on maturity.

Nitrogen and potassium leach from sandy coastal
plain soils when rainfall is heavy. When this
occurs, apply additional N as well as an
equivalent amount of K O. For example, if you
sidedress with 50 Ib N ‘per acre, include 50 Ib
K 0. Base the need for additional nitrogen and
po%assi um on current soil tests and plant tissue
analyses.

Special Nutrient Concerns
—Boron

Tomatoes grown at the recommended soil pH of
6.5 may show signs of boron deficiency. Lack
of boron causes brittle stems, dieback of growing
tips, and deformed fruit. To dleviate thisproblem,
apply boron at arate of

2 Ib/acre on piedmont and mountain soilsand

1 Ib/acre on sandy coastal plain soils.
To ensure uniform distribution, mix the boron
fertilizer thoroughly with your broadcast fertilizer.

If soil applicationisnot practical, apply boronto
the foliage according to your regular spray
schedule. Use 1-2 Ib/acre of a20.5% B material
at two-week intervals for a total of three
applications. Spray applications should start two
to three weeks after transplanting.
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Plants need boron only in very small amounts.
Excessive rates can be toxic. Therefore,
calculate the rate of application carefully, using
thisequation:
(Ib boron needed per acre x 100)

+ % boron in fertilizer
Ib boron fertilizer required per acre.
—Sulfur

Like nitrogen, sulfur isal so subject to leaching on
sandy soils. On the soil test report, a sulfur index
(S) of 25 or below is considered low. When this
isthecase, apply 15-301b/acre of sulfur a planting.
Use the higher rates on sandy soils or where a
history of sulfur deficiency isknown.

Sulfur deficiency and nitrogen deficiency look
very similar and often occur together. If there
has been alot of rain and nitrogen islow, sulfur
is probably low aswell. Plant tissue analysisis
the best way to identify a deficiency.

—Blossom-end rot and calcium

As aready mentioned, tomatoes have a high
calcium requirement. Applying limeaccording to
soil test recommendationswill usually meet this
need. However, it may be beneficial to apply
additional calciumto fieldswith very sandy soils
if cation exchange capacity (CEC) values on an
NCDA& CS soil test report are lessthan 3.0. In
such cases, sidedress with calcium nitrate.

During dry periods, blossom-end rot may occur
even when calcium levels are adequate. Try to
prevent water stress by mulching plants and
irrigating, if possible.

If blossom-end rot occurs, treat it with afoliar
application of calcium. Mix the solution at arate
of 41b of calcium nitrate or calcium chloride per
100 gallonsof water. Apply twotothreetimesa
week, beginning when the second fruit clusters
bloom. Other products, such ascalcium chelates,
may also be available. As with any products,
follow label directions.
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NOTE 8: Fertilization of Greenhouse Tomatoes

Lime

A high calcium level in the soil is essential for
optimum growth of tomatoes and prevents
blossom-end rot. The lime rate recommended
on your soil test report should raisethe soil pH to
around 6.5 and maintain ahigh level of calcium.

The desired calcium level for greenhouse
tomatoes ranges from 55 to 60%. If no limeis
recommended and calcium is below 55%,
broadcast 8-10 Ib of gypsum per 1000 ft2. Lime
and gypsum applicationsare most effectivewhen
incorporated into the soil prior to transplanting.

When magnesium is low, $ appears in the Mg
column of the Recommendations section of the
soil test report. If $ is present and lime is
recommended, apply dolomitic lime. Otherwise,
apply 10 Ib of Epsom salts per 1000 ft2.

Highrates of potassium and ammonium nitrogen
caninterfere with magnesium uptake even when
soil magnesium levels appear adequate. |f
magnesium deficiency symptoms appear, spray
plantswith 1.0 b of Epsom saltsin 10 gallons of
water. Spray enough to cause run off.

Preplant Fertilization

Broadcast and incorporate 2 |b nitrogen per 1000
ft> and all the recommended P,O, and K,0O.

It can be detrimental to apply more nitrogen and
potassium than recommended. High soluble salts
burn seedlings. Excess nitrogen delaysfruit set.
If either of these Situations occurs, ceasefertilizer
application and maintain adequate soil moisture.
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(revised March 1997)

When plants begin to bloom, use plant tissue
analysis to determine the need for fertilizer
supplements. Follow theguidelinesoutlinedinthe
next section.

Supplemental Fertilization

Four weeks after transplanting and at 4-week
intervalsthereafter, sdedresswith 0.751b N and
1.0 1b K, O per 1000 ft Continue sidedressing
until plants top out or set the last fruit cluster.
Spread sidedressed fertilizersin abroad band at
least 46 inches away from plants and water
into the soil.

Thefollowing materials supply 0.75 Ib nitrogen
and/or 1.0 Ib K, O per 1000 ft

* 1.5 b ammonium nitrate (33.5-0-0) &
2.3 b potassium nitrate (13-0-44)
[suppliesN & K, O],

¢ 2.2 lb ammonium nitrate (33.5-0-0)
[suppliesN only],

* 2.0 b potassium sulfate (50% K.0)
[suppliesK,Oonly],

¢ 3.0 Ib calcium nitrate (15.5% N) &
2.3 b potassium nitrate (13-0-44)
[suppliesN, K,O & Cal.

Monitor thecrop'sneed for supplemental fertilizer
by taking timely soil and plant tissue samples.
Begin taking weekly plant tissue samplesat first
bloom and continue until plantstop out. Take soil
samples at monthly intervals and at |east 8 days
before the monthly scheduled fertilizer
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application. Soil monitoring assessesthe need for
the schedul ed fertilizer application and indicates
any potential soluble-salt buildup.

If monitoring indicates adequate nutrient levels
and no immediate need for fertilizer, alter your
schedule to sidedress at 5-week, instead of 4-
week, intervals. Too much fertilizer causes
soluble-salt buildup and increases the potential
of blossom-end rot. Excessive nitrogen, in
particular, promotes vegetative growth at the
expense of fruit set.

Blossom~End Rot

Thistomato fruit problem can be caused by high
soluble salts, low soil calcium or inadequate soil
moisture. When it occurs, remove the affected
fruit and spray theremaining fruit with asolution
of calcium chloride at the rate of 2 to 4 level
tablespoons per gallon of water. Direct the spray
toward the fruit.

Repeat this treatment at 7- to 10-day intervals
for at least two or three applications. Make sure
soil moistureisadequate.

Plant Tissue Sampling

Take soil and plant tissue samples from at least
ten plants within each unit or bay. Collect the
fifth leaf down from the growing tip. From each
tissue-sampled plant, take acore of soil fromthe
root zone.

L abel the matching soil and plant tissue samples
with identical numbers or letters. Fill out the
information sheet in detail, specifying fertilizer
treatments, stage of plant growth, etc. Boxes,
envelopes and information sheets for soil and
plant samples are available through local
agricultural advisors or the NCDA&CS
Agronomic Division.
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Micronutrients (B, Mn, Zn & Cu)

Boronisessentia for fruit set and quality. Apply
6 oz of borax (11% B) per 1000 ft? along with
the preplant fertilizer treatment. Take care not
to exceed this rate because too much boron is
detrimental to plants.

On the soil test report, a $ in a micronutrient
column of the Recommendations section
indicatesthat soil levels of that nutrient are low.
Whenthisisthe case, apply theindicated amount
of the appropriate nutrient for each 1000 ft

Mn 13 0z manganese sulfate (28% Mn)
Zn 6 0z zinc sulfate (36% Zn)
Cu 6.4 0z copper sulfate (25% Cu).

Usetrace e ement materialsthat aretotally water
soluble and easily incorporated into the soil.

Soluble-Salt Index (SS-I)

Therateof fertilizer, type of growth media, weight-
to-volumeratio (W/V), cation exchange capacity
(CEC), water-holding capacity and temperature
all influence the soluble-salt index. The rate of
fertilizer has the greatest effect and is directly
correlated with levels of soluble salts.

Plantsgrown in an artificial media, such as peat-
vermiculitemixes, requireand will tolerateamuch
higher salt index than those grown in mineral
soils. Thisisbecause artificial soilshaveahigher
water-holding capacity.

Therefore, interpreting the soluble salt index
depends on soil type. Table 1 shows how one
SS-| value can have different implications for
different media. Based on the soluble salt levels
shown in Table 1, take the appropriate action
indicatedin Table 2.
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Table 1. Soluble-salt hazards based on soil media type

Soluble-Salt Index (SS-I) Ranges

Media Type Low Medium High Very High
peat-lite mixes 040 41-100 101-180 180+
silt-clay loam 0-30 31-75 76-135 135+
sandy loam 0-23 24-51 52-95 95+
pine bark 0-12 13-26 27-50 50+

Table 2. Actions to remedy soluble-salt levels

Soluble-Salt

Level Action Required

Low Themedianeedsadditional fertilizer. Theeffect of sdt ontheplantsisnegligible.

Medium Fertilize plants only if the SS-1 is at the low end of the range.

High Germination and seedling injury may occur if the SS-| isat the high end of the
range. Otherwise, levels are satisfactory.

Very High Do not add fertilizer or let the media become dry. Water enough to cause

leaching if the SS-I is at the high end of the range. Leach extensively if itis
over thisrange.
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NOTE 9: Soil Analysis of Growth Substrates for Greenhouse

Crops (revised January 2006)

In addition to soil testing, best management practices for any greenhouse crop include having
irrigation source water tested (solution analysis) well in advance of production. This approach
allows time to make any necessary adjustments to substrate or source water before it comes

into contact with plants.

During production, plant tissue analysis and solution analysis of pour-thru leachate are the
appropriate tests for diagnosis of nutrient-related problems. NCSU Horticulture Information
Leaflet 590 describes the pour-thru sampling procedure and is available online at
www.ces.ncsu.edu/depts/hort/floriculture/cfr/index.htm.

The primary purpose of soil testing in a
greenhouse situation isto evaluate the quality of
bulk growth mediaprior to production. Soil testing
is geared toward providing reliable information
about nutrient levels and properties of mineral
s0il, but it does have somelimited useful nesswith
regard to soillessmedia(perlite, vermiculite, pedt,
bark, compost, sand and/or mixtures of these).
The key items that are always important in a
“soil” analysis of agreenhouse substrate are pH
and soluble salt levels. These values must be
within acceptablerangesbeforeacrop isplanted.

Greenhouse crops can include houseplants,
bedding plants, seasonal flowers, perennial
flowers, vegetables and herbs. Fertilizer and pH
requirements vary greatly, depending on crop,
type of substrate and production method. For this
reason, the soil test report does not provide lime
andfertilizer recommendationsfor specific crops.
Each grower must decide when adjustmentsneed
to be made based on a comparison of soil test
report values and the optimum fertility
reguirementsgiven in crop production manuals.

pH/Lime

Most plants grow best in a substrate with a pH
of 5.5-6.5. For these, atarget pH of 6.0isusually
recommended. However, some plants are more
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suited to acid soilswith apH of 5.0-5.5. Refer
to production manualsfor acrop's optimum pH,
then use the formulain Figure 1 to calculate the
lime requirement, if necessary.

Figure 1. Formula for calculation of
lime requirement

desired pH — soil pH
6.6 —soil pH

x Acx cf= rateof lime
to apply

where
Acisthe soil test report acidity value and
cf is the appropriate conversion factor for the
desired rate of application: use cf = 1.9to
obtain Ib per yd® and cf = 46 for |b per 1,000 ft2.

For example, if
s0il test pH =5.0, Ac = 1.5 and desired pH = 6.0,

then you should apply
6.0-5.0
66-50 % 15x1.9= 1.8lbperyd®
or
6.0-5.0

- 2
6.6—5.0 x 1.5x 46 = 431b per 1,000 ft
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Soluble Salt Index (SS-I)

Since most plant nutrients in fertilizers are
formulated as salts, the SS-| is an indication of
thefertility level of the substrate. When fertility
istoo high, salts can causeinjury to plant roots.
Composition of the substrate, moisture level,
texture, temperature and other factors determine
the potential for SS-1 problems. Asagenerd rule,
plants growing in substrates with high cation
exchange (CEC) and water-holding capacities
cantolerate higher fertility and solublesalt levels.

Table 1 indicates the relative salt hazard to a
crop based on substrate type and SS-1 value.
Find the hazard level indicated by the SS-1 value
on your soil test report, and take the action
indicated in Table 2.

Table 1.

Nutrient Level Values &
Recommendations for Soil-based
Media

Sail test nutrient analyses are not generally
meaningful for soilless substrates. Nutrient level
measurements can be misleading for these types
of media. Assumeall nutrientsareto be supplied
by thefertilizer solution.

For soil-based substrates, nutrient level values
and recommendations are relevant. Refer to
Figure 2 for formulas to calculate application
ratesfor dry or liquid fertilizers.

The nutrient concentrations for phosphorus (P),
potassium (K), sulfur (S), manganese (Mn), zinc
(Zn) and copper (Cu) are reported asindices (P-I,

Salt hazard by substrate type

Soluble-Salt Index (SS-I) Ranges

Media Type Low Medium High Very High
peat-lite mixes 040 41-100 101180 180+
sit-clay loam 0-30 31-75 76-135 135+
sandy loam 0-23 24-51 52-95 95+
pine bark 0-12 13-26 27-50 50+

Table 2. Soluble-salt guidelines

Salt Level Action Required

Low/Medium Theeffects of salt on plantsisnegligible.

High Germination and seedling injury may occur if the SS-| is at the high end of
therange. Otherwise, levels are satisfactory.

Very High Do not add fertilizer or let the media become dry. Water enough to

causeleaching if the SS-| isat the high end of the range. Leach extensively if

it isover thisrange.
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K-I, S1, Mn-l, Zn-I, Cu-l). In genera, an index
valuelessthan or equa to 10 indicatesavery low
nutrient levd ; 11-25, low; 26-50, medium; 51-100,
high; and 100+, very high. For the micronutrients
Mn, Znand Cu, index vauesgreater than 25indicate
sufficient levels for plant growth. Because
availability indices (Mn-Al, Zn-Al) take into
account theeffect of soil pH, thesevauesare better
indicators of sufficiency than Mn-1 and Zn-I.

Nitrogen (N). NCDA&CS soil tests do not
measure N concentration, and the report does
not recommend a rate for N. Most greenhouse

Figure 2. Formulas for calculating
dry or liquid fertilizer rates

Dry fertilizer

rate of nutrient needed
% nutrient in fertilizer

For example, if the soil report recommends 6.0
Ib /1,000 ft* K,O and you have a 13-0-44
fertilizer (13% N, 0% P,O, and 44% K. 0),
thenyou should apply 13.6 Ibfertilizer per 1,000ft2.

6.01bK,0/1,000ft2+ 0.44K,0=13.61b/1,000ft2

Liquid fertilizer

ppm nutrient needed
(% nutrient in fertilizer x 75)

For example, 6.7 0z of Epsom salts (10% Mg) in
100 gallonsof water will supply 50 ppm Mg.

50 ppm Mg+ (0.10 Mg x 75) =6.7 0z /100 gallons

65

cropsneed 3-61b N per 1,000 ft? or 0.125-0.250
Ib N per yad? for the production cycle. Growers
should refer to areliable production manual for
the specific crop.

Phosphorus (P) & Potassium (K). Soil
test recommendationsfor P and K are provided
in units of 1b/1,000 ft* of P,O, and K,O,
respectively. To convert these rates to |b/yd?,
divide by 24. Take into account the amount of
P,O, and/or K,O that will be applied if a
complete fertilizer such as 20-10-20 is used as
the nitrogen source.

Magnesium (Mg). If a$ symbol appearsin
the Mg column of the Recommendations section
on the soil test report, levels of Mg are low.
When $ is present and the pH is low, apply
dolomitic lime. However, if limeisnot needed,
supply Mg by adding 5 Ib Epsom salts (0.5 Ib
Mg) per 1,000 ft2. For established plants, apply
Mg along with other fertilizer treatments. In a
constant feed program, inject 35-50 ppm Mg
using a source such as Epsom salts.

Sulfur (S). Plant tissue analysis is the most
reliable test for determining sulfur status in the
crop. Whenthe S+l islessthan or equal to 25 for
soil-based substrate, an application of 0.51b S
per 1,000 ft> may be beneficial tothecrop. For a
continuous-feed program in soilless substrates,
35-50 ppm Sisrecommended.

Micronutrients. A $ symbol in the Mn, Zn
or Cu column of the Recommendations section
of the soil test report indicates low levels of these
nutrients. Application may or may not be necessary.
It is best to monitor status of micronutrients with
plant tissueanalyss.
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NOTE 10: Fertilization of Commercial Flowers

(discontinued)
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NOTE 10: Fertilization of Commercial Flowers

(discontinued)
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NOTE 11:
(revised July 1995)

Thegoal of plant productionisto grow vigorous
and healthy plantsin the shortest period of time.
Attaining this objective depends on application
of proper amountsof limeand essential nutrients.
Soil testing providesameansfor determining lime
and fertilizer rates.

Lime Requirement

A proper soil or media pH is essential for
successful plant growth. Lime neutralizes soil
acidity and providesthe calcium and magnesium
essential for plant growth. Thereisno substitute
for lime for neutralizing soil acidity. Lime also
provides a better environment for microbial
activity required for transforming nutrients to
formsthat plantscan utilize.

There are two types of lime: calcitic and
dolomitic. Calciticlimeiscomposed of calcium
carbonate and contains little or no magnesium.
Dolomitic lime is composed of a mixture of
calcium and magnesium carbonates and contains
aminimum of 120 Ib of magnesium per ton. For
maximum benefit, mix recommended limeinto
the soil or media prior to planting. Surface
application of lime should not exceed 1.0 ton per
acre (50 Ib per 1000 ft? or 50M) on established
field plantings. Wait six months before applying
additional lime.

The pH requirement for container and field-
grown crops varies widely. The formula below
provides a means to calculate the lime rate
necessary to achieve the desired pH. Soil pH
and acidity (Ac) appear on the soil test report.

[(desired pH — soil pH) + (6.6 — soil pH)]
x Ac = tons lime per acre
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Fertilization of Nursery Crops—Container and Field

Conversion Factors

M = b per 1000 ft?

tonslime per acre x 46 = Ib lime per 1000 ft2
Ib lime per 1000 ft? +~ 24 = |b lime per yd®
tons lime per acre x 1.92 = |b per yd®

Micronutrients

A $ appears in the Recommendations section
when the index for manganese (Mn), zinc (Zn)
or copper (Cu) is below 25. The $ Note that
comes with your soil test report provides
information on correcting low micronutrient
levels. Most field soils contain an adequate
amount of micronutrients. Pine bark mixes
generally contain adequate level s of manganese
and zinc but are usually low in copper.

Broad-spectrum applications of micronutrients
can be unnecessary as well as harmful.
Therefore, base micronutrient applicationson soil
test recommendations. If using a composite
micronutrient source, apply the lowest rate
necessary to meet plant requirements.

Container-Grown Plants

A mixture of pine bark and sand is the media
used for most container-grown plants. Native
pine bark, which isthe major component, has a
relatively low nutrient content. Successful
production in thismediarequires supplementing
with fertilizers. The challenge is to maintain
adequate nutrient levels without creating a
potentia soluble salt problem.
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Thetarget pH for most field and container-grown
plants ranges from pH 5.5 to 6.0. Nursery crops
grow well in apine bark and sand mixture at pH
5.5. The pH of native pine bark, however, ranges
from 4.0 to 5.0. Application of dolomitic lime
raisesthe pH to amore suitablelevel and provides
the calcium and magnesium essential for plant
growth. Native bark generally contains low
phosphorus, calcium and magnesium with
appreciable amounts of potassium, manganese
and zinc.

Leaching of nitrogen, phosphorus and potassium
isacommon problem associated with pine bark
and sand media. Nutrient leaching is most
prevalent during periods of heavy rainfall or high
irrigation demand. Sand that is coated with clay
reduces loss of phosphorus and potassium. The
clay fraction provides sites that attract and hold
nutrients against leaching. Use of slow-release
fertilizers also reduces leaching of nitrogen,
phosphorus and potassium. The release of these
nutrients depends on nutrient source,
temperature, moisture and method of
encapsulation.

Rates of application depend on manufacturer
guidelines and grower experience.

Field-Grown Plants

Limeand phosphorusdo not movereadily through
the soil. Therefore, it is best to broadcast and
mix them into the soil prior to planting.
Incorporation enhances soil reaction and nutrient
uptake by plants.

Nitrogen and potassium are mobile in soils.
Therefore, surface applications are effective.
Apply fertilizers 6-8 inchesfrom plantsto reduce
therisk of saltinjury. Split applicationsof nitrogen
and potassium also minimize the effects of
leaching on sandy soils. Nitrogen
recommendations are asfollows:
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* First Year: Apply 50 Ib N per acre prior to
bud swell (approximately 0.50z N per plant).

» Second and Subsequent Years: Apply 80—
1201b N per acre per year. Apply two-thirds
prior to bud swell and one-thirdin early June.
Do not apply nitrogen after July 1 sincelate
growth may be more subject towinter injury.

Nitrogen ratesmay vary from rates shown above
for high population plantings. Factors for
converting nitrogen from |b per acre to oz per
tree are as follows:
* |b N per acre+ 43.56 = Ib N per 1000 ft2,
* |b N per 1000 ft? + ft? per tree = 1b N per
tree, and
* |b N pertree x 16 = 0z N per tree.

Nursery Seedling Beds

Mix recommended lime, phosphorus and
potassiuminto the soil beforeplanting. Apply lime
several weeks in advance to allow time for soil
acidity to be neutralized.

Apply nitrogen after plants emerge to prevent
damage from soluble salts. Use 25-30 Ib N per
acre and follow by irrigation if soil moistureis
low. Use split applications for the remaining
nitrogen depending on rainfall and plant growth.

On established plants, apply fertilizer in early
spring before growth begins. On sandy soils, split
applications of nitrogen and potassium reduce
leaching losses. On sandy soils, sulfur-containing
fertilizers are often beneficial.

Soluble Salts (SS-I) Interpretation

Over-application of fertilizers or inadequate
watering can cause salt injury. Salt damage
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depends on the type of media, moisture content,
temperature and plant tolerance. The soluble salt
ratings for different mediagivenin Table 1 can
beinterpreted asfollows:

Low: Needsadditional fertilizer, no effect of
salt on plant growth.

Medium: Fertilizer can be applied at the
lower end but should be adequate near the
top.

High: Germination and seedling growth
affected as salt index increases within this
range.

Very High: Apply no fertilizer, and water
enough to cause saltsto leach.

Additional information on lime and fertilizer
requirementsfor nursery cropsisavailablefrom
local agricultural advisors. If there is reason to
suspect a nutritional problem, collect matching
soil and plant samples. Send them tothe laboratory
for analysis.

Table 1. Soluble-salt hazards based on soil media type

Soluble-Salt Index (SS-I) Ranges

Media Type Low Medium High Very High
peat-lite mixes 040 41-100 101-180 180+
silt-clay loam 0-30 31-75 76-135 135+
sandy loam 0-23 24-51 52-95 95+
pine bark 0-12 13-26 27-50 50+
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NOTE 12: Fertilization of Forage and Pasture Crops

(revised October 2006)

Production of quality foragerequiresabaanced
pH and nutrient regime. Soil testing is the best
way to determinelimeand fertilizer requirements.
Submit soil samples from established pastures,
hay meadows and silagefieldsevery onetothree
yearsto meet yield goals and animal nutritional
requirements.

Lime

Your limerecommendationisdesgnedtoneutraize
soil acidity. When possible, till recommended lime
into the soil. On no-till sites or established fields,
surface gpplicationsare beneficia; however, do not
apply more than 1.0 ton per acre a onetime.

If recommendationsexceed 1.0 ton per acre, apply
the excess the following year. Lime rates depend
on the current and target soil pH for the specified
crop. The target pH for forage crops grown on
mineral soilsrangesfrom 6.0to 6.5.

There are two types of agricultural lime. Calcitic
limeiscalcium carbonate (CaCO,). Dolomiticlime
isamixture of calcium and magnesium carbonates
[CaMg(CO,),] and containsaminimum of 1201b
of Mg per ton. Dolomitic lime is an economical
source of Mg and reducesthe risk of grasstetany
inlivestock.

Another potential sourceof limeislime-stabilized
dudge. Sincecdciticlimeisused with thesedudge
materids, soil Mg levelsshould bemonitored. When
Mg is heeded, 25-30 Ib per acre are adequate.

For establishment of perennial grasses,
NCDAZ& CS recommends enough lime to raise
the pH to 6.5 on mineral soils. This initial
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application, whichistilled into the soil, fostersa
higher pH that allows for a longer production
period before additional lime is needed. After
establishment, atarget pH of 6.0 is appropriate
for forage production on minera soils.

Phosphorus (P), Potassium (K) &
Sulfur (S)

Soil testing will accurately predict phosphate
(P,0,) and potash (K,O) needs. The following
aregeneral guidelinesfor fertilizing forage crops
at planting and after establishment. Specific
nutrient suggestions are given later by crop.

Prior to establishing any forage, refer to current
soil recommendationsfor rates of P,O_and K.O.
If P,O,isneeded, till it into the plow layer prior
to planting, if practical, since it does not move
easily into soil. Incorporationisespecialy critical
for any soilswith medium or low P-1 values ( <
50), especially on perennial cropsthat are to be
productivefor several seasons. On soilswith high
P-I values where less P,O, is recommended,
incorporation is not as critical. Commonly
available sources of P are triple superphosphate
(0-46-0), superphosphate (0-20-0) and
diammonium phosphate (18-46-0).

For established crops, apply P,O, before plants
begin new growth. Do not apply it prior to rainfall
events if not incorporating it because runoff is
likely. Also, do not apply P,O, if it is not
recommended. Doing so may lower economic
returns and lead to excessive accumulation in
the soil. Special considerations related to P use
may apply inriver basinsdesignated as Nutrient
Sensitive Weaters.
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When K Oisrecommended for new plantings, you
can apply thefull rate and incorporateit with P,O,
on medium and fine-textured soils. K may leach
on sandsthat havelow cation exchange capacities
(CEC vdues) and low water-holding capacities,
especialy in seasonswith excessiverainfal. Split
applications may be beneficia to increase use
efficiency. On such sites, apply half the
recommended rate a planting. Apply the rest a
midseason of new growth or split it into two equal
applicationsduring thegrowing season.

For cropsestablished on medium or fine-textured
soils, you can apply al K., O just before new
growth begins. On sands, apply half at the
beginning of the growing season and the
remainder at midseason. Alternatively, you can
apply K,Oinequal applicationsafter each cutting
or at each nitrogen (N) application, depending
on the crop. Commonly available sources of K
aremuriate of potash (0-0-60), potassium sulfate
(0-0-50) and potassium magnesium sulfate
(0-0-22).

Sulfur isusually present in adequate amountsin
medium- and fine-textured soils. Like K, it is
subject toleaching on sands, especially in seasons
with excessiverainfall. The soil test report gives
asulfur recommendation whenever S-1 <25.0n
crops receiving N applications, apply any
recommended Swhen N isfirst applied. Since S
leaches readily, it may be adequate at the time
of the report but be limiting later during the
season. Plant tissue analysis can be used in-
season to test for sufficiency.

Animal Waste as a Nutrient Source

Sail application of poultry and animal wastes
provides nutrients such as N, P,O,, KO and S.
Use of livestock wastes reduces the need for
commercial fertilizers and disposal of waste
products. Waste products should be analyzed for

nutrient content prior to application. The
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NCDA&CS Agronomic Division provides a
waste analysis service that helps determine
suitable applicationsrates.

Always use a current soil test report asaguidein
animal and poultry waste management plans. On
farms governed by water quality or waste
regulations, base N and P,O, rates on nutrient
management guidelines. Off-stemovement of both
N and P can negatively affect water quality. Also,
excess N from manure causes overabundant
vegetative growth, which promotes plant disease
and causesnitrate poisoningin livestock.

Animal wastes may contain high levels of
micronutrients (zinc and copper) so soil levels
should be monitored.

Alfalfa

Alfdfaisvery sensitiveto acid soils. It requires
a soil pH of at least 6.5 for optimum growth.
Adequate Ca levels are also essentia for high
yields. Limenot only neutralizes soil acidity but
also provides essential Caand Mg.

Molybdenum (Mo), a micronutrient essential for
symbiotic N fixation (hodulation), becomes more
availableassoil pH increases. However, somesoils
areinherently low in Mo. Under such conditions,
apply Mo to the soil at the rate of 0.25-0.5 1b per
acre.

When seeding legume forage crops, use an
inoculant containing Mo. On established fields, a
foliar application of 3.0 ouncesof Moin25galons
of water per acrewill correct adeficiency. Apply
foliar Mo in spring before new shoots are 2—-3
incheshigh.

Alfdfaasoreguireshighlevelsof boron (B). Snce
most soils are low in B, broadcast 3.0 Ib per acre
for establishment and 2.0 Ib per acre per year
for maintenance. Thereisno reliable soil test for
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Mo and B, but plant tissue analysiswill identify
deficiencies. If problems develop during the
growing season, submit soil and plant samples
for analysis.

Alfalfa requires high soil P and K (P-I, K-l >
50) to sustain yields. The K removed from the
soil by the crop must be replenished with
fertilizers. Where K issubject to leaching, apply
half the recommended K, O in March. Apply the
remainder in June after the second cutting. When
leaching is not a concern, apply al the K,O in
fall, inearly spring or in split applications.

Clover-Grass Mixtures

WEell-balanced clover-grassmixturesthat contain
tall fescue, orchardgrass, prairiegrassor timothy
donot need N. If applied, it promotes competition
between clover and grasses and often leads to a
pure grass stand. However, if the clover standis
less than 25% and re-establishment of clover is
not desired, apply fertilizersasrecommended for
pure grass stands. Refer to the section Cool-~
Season Perennial Grasses for fertilizer
and lime recommendations.

White Clover & Bluegrass

Most clover-bluegrass pasturesare growninthe
mountains at €l evations above 2000 ft. The most
prevalent fertility problemislow P. When P,O,
and K,O are recommended, apply the full
amounts either in early spring or fall. Although
response to P often exceeds response to lime,
most mountain pasturesare quite acid and would
benefit from liming.

A balanced clover-grass stand does not need N.
In such a stand, the N supplied by the clover
does not promote grass growth to the extent that
it competes with clover. However, to shift peak
productionto an earlier period, apply 50-601b N

75

per acre per year in either early August for fall
growth or March for early spring growth. Be
aware that while early N application enhances
grass production, it may have a negative effect
onclover unlessthegrassisproperly grazedto a
height of lessthan 8 inches.

Cool-Season Perennial Grasses

The N rates for cool-season grasses—such as
fescue, bluegrass, orchardgrass and timothy—
range from 100 to 200 Ib per acre to allow
adjustment for soil type, geographic region and
level of production desired for hay and grazing.
For tall fescue hay, apply 200 Ib per acre on sandy
soilsand 160 Ib per acre on fine-textured soils.
Ontall fescue pasturesfor grazing, NCDA&CS
recommends 150 Ib per acre on sandy soils and
120 on fine-textured soils.

If highyieldsare not practical or desired, reduce
N rates to fit the situation. Apply half the N in
mid-February—March and half in mid-August—
September. Mid-August is best for western
piedmont and mountain pastures. September is
best for eastern piedmont and coastal plain
pastures.

Table 1 provides guidelinesfor estimating yield
based on general N rates. A given N rate does
not guarantee aspecific yield dueto other limiting
factors, such as pH, P, K, rainfall and
management.

Warm-Season Annual Grasses

For millet, crabgrass, Sudan grass and Sudan-
sorghum hybrids, the NCDA& CS recommends
applying approximately 50—701b N per acre per
year at or before seeding. Apply the remainder
in increments of 40-60 Ib per acre after each
cutting or grazing period.
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Warm-Season Perennial Grasses

When establishing common and/or hybrid
bermuda or bahia on sandy soils where K
leaches, apply only half the KO before sprigging
or seeding and the remainder at midseason.
When plants start to grow, apply 30—401b N per
acre over the row and another 30-60 Ib N per
acre when runners appear (6—8 weeks after
planting).

To maintain an established bermuda pasture on
sandy soils, make split applications of K,O that
coincidewith N treatments (3—4 applications per
year, depending on the extent of grazing or the
number of cuttings). Adequate K is essential to
reduce leaf spot, safeguard against winter Kill,
and optimizeyidd and quality. Submit soil samples

Table 1.

inlatesummer tofind out if K will beneededin
thefall.

The N rate for hybrid bermudagrass hay varies
with soil type: 220 Ib per acre for sandy soils
and 175 Ib per acrefor medium and fine-textured
soils. Apply 5060 Ib per acre in April and the
remainder in equal incrementsin June and mid-
July or after each cutting.

Grazing: Nitrogen Rate Reduction

During grazing, nutrients are recycled into the
pasture. In open-grazing systems, total N rates
may bereduced by 25%. Under controlled grazing,
amoreuniform distribution of animal waste occurs
and total N rates may be reduced by 50%.

Dry yield (tons/acre) of forage based on nitrogen application (from

Green JT 1994, personal communication) *

Nitrogen Rates (lb/acre)

Forage Crop 100 200

Hybrid Bermuda, Gamagrass 2.5-3.0 4.0-5.0
Common Bermuda, Bahia 1.8-2.3 3.0-3.8
Fescue, Orchardgrass, Timothy, Prairiegrass 2.0-25 3.54.0
Ryegrass (winter annual) 1520 3.0-35
Small Grain (silage) 1520 N/A

Sorghum-Sudan, Millet, Crabgrass 2.0-25 3.545
Sorghum (silage) 3.04.0 5.0-7.0
Switchgrass 2040 3.045

* Thistableisaguideto help select N rates best suited to your soil and management conditions. N rates of 250
Ib per acrewill increase perennial grassyieldson highly productive soilswith adequate moisture and intensive
management. For moreinformation, seeN.C. Agricultural Research Service Technical Bulletin 305, Production
and utilization of pastures and forages in North Carolina.
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NOTE 13: Hybrid Bermudagrass

(discontinued)
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NOTE 14: Fertilization of Golf and Other Fine Turf

(February 2007)

North Carolinais ano man's land as far as turf
management is concerned. We are too far south
for the cool-season grasses and too far north
for the warm-season grasses. However, we can
capitalize on the situation and use the best
grasses of both the north and the south.

Thegrassyou select will depend on theintended
use and the degree of management you are
willing to supply. In thisclimatic region, ahigh
degree of skill is necessary to grow any fine
turfgrass. Maintaining fertility of the soil is of
utmost importance. Our soil testing service is
availablefor thispurpose.

The soil test report suggests the amount of lime
and fertilizer needed as a corrective treatment.
Amountsare given in terms of pounds per 1000
ft? for greens and tees and in tons or pounds per
acrefor fairways and other extensive turf areas.

Establishment

Broadcast the lime, P,O, and K,O aong with
60-80 Ib of N per acre (1.5-2 b N per 1000 ft?)
before seedbed preparation. Proceed with the
seeding operation, and follow up with a
topdressing of nitrogen asoutlinedin Table 1.

Maintenance

You can apply lime asatopdressing at any time
of year. However, never apply morethan 100 b
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per 1000 ft? or 2 tons per acre unless the lime
can be worked into the soil. High rates without
incorporation provide little or no immediate
benefit.

The recommended rates of P,O, and K.O, as
well asany follow-up maintenance, areintended
as corrective treatment. These nutrients can be
applied with atopdressing of nitrogen asindicated
inTable 1. All of the recommended P,O_can be
broadcast at one time. However, if more than
5 Ib K,O per 1000 ft* or 200 Ib per acre are
topdressed, the application should be split and
applied at two different times.

During the year following the recommended
corrective treatment, topdress as follows:

e Bent and bermuda greens
31bP,0,and 4 Ib K,O per 1000 ft? applying
half of each at the first topdressing with
nitrogeninthefall.

* Tees

21bP,0,and 31b KO per 1000 ft?splitinto
two applications: half in the spring and half
inthe fall on the same time schedule.

 Fairways or other turf areas
160-2001b N, 60-801b P,O, and 80-100 b
K. O per acre split so half is applied in the
spring and half in thefall.

For optimal turf fertility management, have the
soil tested every two or three years.
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Table 1. Maintenance schedule for golf greens

Turf Species Source of N Time to Apply N rate
(Ib/1000 ft2) *
bentgrass slow-release N** monthly from Mar to Dec
or turf mixture March to June 0.7-1.3

June to August 0.3-04
August to December 0.7-1.3

bentgrass soluble N sources monthly from Jan to Dec
January to March 0.5-1.0
March to June 05-1.2
June 0.5-0.7
August 0.3-05
September 0.5-1.0
October to December 0.7-1.2

bermudagrass  slow-release N** every 3—4 weeks Apr to Sept

or turf mixture April 15to July 0.7-2.0

July toAugust 1.0-20
to September 15 0.5-0.7

bermudagrass  soluble N sources every 3—4 weeks Apr to Sept
April 15to July 0.2-1.0
July toAugust 0.5-1.0
to September 15 0.2-05

* (rate x 100) + percent nitrogen = pounds of material to use.

Example: If 11b N isrequired from a12-4-8 fertilizer,
then (1IbN x 100) + 12 =100 + 12 = 8.3 |b of 12-4-8.

** When dowly availableforms of nitrogen are used in colder seasons, it may be necessary to apply ¥

to%21b of quickly available nitrogen toimprove color. Do not fertilize during hot and humid wesether, for
instancein July and/or August.
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NOTE 15: Fertilization of Pecans & Miscellaneous Nuts and Fruits

(revised April 1997)

Commercial Orchard Establishment

All fruit and nut trees require fertile soil with
balanced amounts of plant nutrients. The lime
and fertilizer recommended for orchard
establishment serve this purpose. Excessive
fertilization and placement of fertilizer near roots
at the time of setting is a common cause of the
death of young trees.

Broadcast the lime, P,O, and K, 0. Plow the
fertilizer into the soil as deep as possible. Dig
holes of large enough size for the roots, and set
the trees.

Fertilizetheyoung treesagainin March or April
with no more than 0.5 |b of a 14-0-14 grade of
fertilizer or itsequivalent. Spread it evenly over
the soil in a circle 12 inches from the trunk
outward to adistance of 3.5 ft from the trunk or
dlightly beyond the limb span.

Commercial Orchard Maintenance

There are two rather distinct management
systems for pecan and other orchard crops:
* management for nuts or fruit only and
* management for the production of an
intercrop plus nuts or fruit.

The key to the success of either is the
maintenance of ahigh level of fertility that will
promote good nut and fruit yields.

—Nonbearing trees for nuts or fruit only
a. |If you applied the rates of lime and

fertilizer recommended by a soil test prior to
setting, follow thisfertilization schedule.
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* In the second year, apply 0.14 |b of both
N and K,O (equivalent to 1 Ib 14-0-14 per
tree). Spread itinacircle starting 1 ft from
the trunk and extending outward to 3.5 ft or
slightly beyond the limb span.

 In subsequent years up to bearing age,
apply 0.07 Ib of both N and K,O for each
year of treeage. Spread itinacircle starting
12-18 inches from the trunk and extending
outward dlightly beyond the limb span.

b. If you set treeswithout correctivelimeand
fertilizer treatments, follow this fertilization
schedule.

* Broadcast the lime and fertilizer
recommended by a current soil test report
over the entire area.

or

 Totreat individual trees, apply 0.07 Ib of
N and KO for each year of tree age. Spread
itin acircle starting 12-18 inches from the
trunk and extending outward dightly beyond
the limb span.

» Continue the same individual treatment
each year until bearing age.

—Bearing trees for nuts or fruit only

a. Get anew soil test the first year that trees
begin to bear. Broadcast the recommended
lime and fertilizer over the entire area.

b. To each tree, annually apply 0.25 Ib of N
and K,O (equivalent to 2 Ibs of 14-0-14) for
each inch of trunk diameter at a height of one
foot, asfollows.

« In February, broadcast half of thefertilizer
under and dightly beyond the limb span.
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o After fruit set, apply the other half in the
same manner.

« If fruit set islight or does not occur, omit
the last half of the treatment.

* Test the soil every threeto four years.

—Nonbearing trees with intercropping

Intercropping involves growing cash crops
between rows of trees. A reasonable spacing
between the tree crop and the intercrop lessens
the possibility of damage to trees. This
management system provides an economic
return from the land until the young trees are
brought into production.

If you are planning to intercrop, test the soil to
determine the lime and fertilizer needs for the
companion crop. Usually the rate recommended
for the companion crop is adequate for the tree
cropaswaell if itisbroadcast over theentire area.

If you apply lime and fertilizer only to the
companion crop area, test the soil in the tree-
row area separately. You can then follow
establishment and maintenance treatments as if
the trees were grown alone.

Fruit & Nut Trees around the Home

You can lime and fertilize apricots, cherries,
chestnuts, figs, pears, pecans, plums, walnutsand
other home orchard crops in much the same
manner as commercial pecan orchards. Soil test
reportsgivelimeand fertilizer recommendations
for yard trees in units of pounds per 1000 ft2.
The initial recommendation contains enough
nitrogen for the first year. In subsequent years,
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follow one of the maintenance schedules for
commercial orchards.

Lush vegetative growth and little or no yield
usually indicate excessive application of
nitrogen. Reduce nitrogen fertilization if new
terminal growth of tree limbs exceeds 12-18
inches per year.

Micronutrients

The soil test report expresses levels of the
micronutrients manganese (Mn), zinc (Zn) and
copper (Cu) as indexes. Levels are adequate if
index values are >25.

Uptake of micronutrients by plants decreases as
soil pH increases. Deficiencies generally occur
when the soil pH >6.2.

Micronutrient availability can be difficult to
assess from a soil test alone, especially for zinc.
If you suspect a micronutrient problem, collect
matching soil and leaf samples. Take such
samples only when abnormal growth or
Ssymptoms appear.

Take soil samples from around the perimeter of
thetreeto adepth of 6 inches, staying withinthe
drip line. Collect recently matured leaves from
branches of current year's growth. The best time
for collecting leaf samples is from mid-July to
mid-August.

You can send soil and plant tissue samples to
the Agronomic Division laboratory. Thereisa
$4 fee per sample for plant tissue analysis and
no charge for soil samples. Sampling supplies
are available from the local Cooperative
Extension office or the Agronomic Division
laboratory in Raleigh.
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NOTE 16: Fertilization of Apples

Optimal yields of high quality apples depend
on establishing and maintaining the proper soil
pH and nutrient balance. Since apple
production isalong term investment, lime and
nutrient requirements should be addressed
before planting. Soil testing provides ameans
for determining the amount of preplant lime
and nutrients required to maintain long term
production. Plant tissue analysis also provides
ameans to monitoring the nutrient status and
adjusting nutrient applications during the
growing season. Used properly, these tools
can provide information necessary for
successful apple production.

Lime Requirement

Lime recommendations are designed to raise
the soil pH to 6.5 for establishment and 6.0
for maintenance. Before establishing an
orchard, broadcast the recommended lime, and
mix it into the soil as deep as possible. Deep
liming is much more effective in neutralizing
soil acidity and distributing calcium and
magnesium. Lime also contributes calcium
necessary to minimize bitter pit.

On established orchards, surface-applied lime
is less beneficial and should not exceed 1.0
ton per acre. Lime recommended above 1.0
ton per acre should be applied the following
year. Established orchards should be soil tested
every three to five years to maintain the
desired pH and nutrient balance.

Both calcitic and dolomitic lime are used in
apple production. Calcitic lime is composed
of calcium carbonate (CaCO,) and contains
little or no magnesium. Dolomitic lime is a
mixture of calcium and magnesium carbonate
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(revised April 1994)

(CaMgCQO,) and contains a minimum of 120
Ib of magnesium per ton. Dolomitic lime
provides an economical source of the calcium
and magnesium required for apple production.

Supplementing Calcium

Supplementing calcium on established orchards
is essential for minimizing bitter pit and
production of quality fruit when leaf calcium
is low. Bitter pit can be caused by low soil
moisture, low leaf calcium, or an imbalance
between calcium and potassium within the
leaves. Additional calcium can be soil or foliar

applied.

Soil application of gypsum isthe most effective
way to supply calcium on established orchards.
Broadcast 20-25 Ib of gypsum (CaSO,) per
tree around the drip line six to eight weeks
before harvest. Gypsum provides more
available calcium within the root zone or subsoil
than surface applied lime. However, gypsum
isnot aliming agent and cannot be substituted
for lime to raise the pH. Moreover, gypsum
will not correct bitter pit caused by extended
dry weather for the current crop.

Foliar application isthe most effective way to
increase calcium for the current growing
season. Apply 3 |b calcium nitrate (CaNO,),
or 2 Ib calcium chloride (CaCl,) per 100
gallons. Use calcium chloride when tissue
analyses show a high nitrogen content. Foliar
treatments should be made at two-week
interval s starting at first cover spray and ending
two weeks prior to harvest. Do not spray
orchards when air temperature exceeds 80°F.
If leaf burn is observed, reduce the rate of
calcium applied.
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Phosphate (P,0,) and Potash (K,0)

Soil test data show low phosphorus levelsin
some mountain soils, particularly where
phosphorus has not been applied. For new
orchards phosphorus amendments should be
incorporated deeply into the soil beforetreesare
set. Deep incorporation enhances root growth
and uptake efficiency. On established orchards,
however, where incorporation is not practical,
surface applications may be appropriate. Since
phosphorus does not leach in soils, it will
accumulatewithtimefrom fertilizer applications
and foliagerecycling.

In contrast to phosphorus, potassuim levels are
generally higher in mountain soils due the
presence of natural potassium-bearing minerals.
Potassium applied in excess of soil test
recommendations can cause competition with
calcium uptake and increase the potential for
bitter pit. Therefore, potassium application rates
should be based solely on soil and plant analysis.
Growers should not make blanket applications
of high-potassium fertilizers.

Nitrogen Management

Nitrogen affects apple production more than any
other nutrient. Excess nitrogen decreases fruit
firmness, delaysripening, color development, and
causes premature fruit drop. High nitrogen also
promotes water sprout and lateral shoot growth,
both of which shades productivefruiting branches.
Excess vegetative growth also increases pruning
costs.

Length of lateral shoot growth isagood indicator
of nitrogen supply. When lateral shoot growth
exceeds 10-16 inches, nitrogen rates may be too
high. Soilshighin organic matter contributeto the
total nitrogen supply and may requirelessnitrogen.
Other factorsthat determine nitrogen requirement
includetree age, severity of pruning andfruit load.
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Nitrogen application on bearing tree should be
split to prevent over application when frost
damage occurs: apply half in winter and the
remainder when the frost date is past and fruit
load isdetermined.

Plant tissue samples taken in mid-July provide
the best meansfor monitoring nitrogen statusand
determining future requirements. Guidelinesfor
determining nitrogen ratesand time of application
are shown below.

Establishment (Nonbearing Trees)

Broadcast 1.0 0z N per year of tree age (6-25
Ib N per acre) around the drip line 10-12 inches
from the base until trees begin to bear fruit
(generaly 3to 4 yearsafter transplanting). Apply
nitrogen inthe spring just prior to bud-swelling.
Nitrogen rates may be atered depending on
growth response of the previous season.

Maintenance (Bearing Trees)

Trees producing 10-15 bushels require about 1
Ib of nitrogen per tree per year (based on 110
trees per acre). For high-density orchards, apply
no more than 80100 Ib per acre. However, the
final nitrogen rate dependson soil organic matter,
production history, current fruit load, severity of
pruning and shoot growth.

Apply haf the nitrogen during winter dormancy
and the remainder after the extent of fruit set is
determined. Split applications allow an
opportunity to reduce nitrogen rates in years
when frost damage reduces fruit set.

Leaf analysis is a useful tool for monitoring
nitrogen requirements. When leaf analysisshows
excessnitrogen, little can be donefor the current
year, but adjustments can be made in subsequent
years.
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Boron (B)

Boron is recommended to reduce cork spot.
Make afoliar application of Solubor at 1 b per
100 galonsat petal fall or first cover spray. Make
sure boron is compatible with other tank mixes.
Useleaf analysisin July to monitor boron status.
Apply 20 Ib of borax per acre to the soil (10%
B) every four to five years if boron deficiency
persists.

Soil and Leaf Analyses

Soil samplesfor determining lime and fertilizer
requirements should be taken several months
before establishing an orchard and retaken every
threeto fiveyears. Samples should be submitted
inthefall to allow timefor trestment before the
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next crop. Preplant soil samples should betaken
to the depth of 8 inches at random across the
orchard for atotal of 1520 subsamples per acre.
Soil samples on established orchards should be
taken to a depth of 4-6 inches. Leaf samples
should betaken every year from July 15 through
August 15.

Records of soil, leaf samples, fertilizer applied
and production history should be kept on each
orchard. These records provide a means for
evaluating fertility practices and a basis for
making necessary adjustments. For problem
diagnosis submit corresponding soil and plant
samples from problem areas. Supplies and
information for taking samples can be obtained
fromlocal agricultural advisorsor thelaboratory
inRaleigh.
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NOTE 17: Fertilization of Peaches

Most peach orchards are located on the
sandier soils of the south central region.
Satisfactory performance of peach varieties
dependsto agreat extent on thefertility levels
established when thetrees are set. In addition,
fruit production can be extended several years
by attending annually to the nutritional needs
of the trees.

Establishment

The lime, P,O, and K,O recommended for
peach-tree-orchard establishment are
corrective applicationsthat bring soil fertility
into better balance. Magnesium (Mg) needs
are usually satisfied by existing soil levels.
However, if extra magnesium is
recommended, you can apply magnesium
sulfate (9.7%), sulfate of potash-magnesia
(11%) or dolomitic limestone, if limeisneeded.

Broadcast the lime and fertilizer, and plow as
deep as possible. Proceed with the setting
operation, but do not add more fertilizer. Too
much fertilizer placed near therootsat settingis
a common cause of the death of young trees.

Fertilize the young trees with a 1-1-1 ratio
material in March. Broadcast 0.05 Ib of N per
tree (0.5 Ib 10-10-10) in a circle starting 12
inches from the trunk and extending outward
slightly beyond limb span. Repeat in May and
againin July. Makethelast application by mid-
July to avoid excessive vegetative growth in
thefall and possible cold injury inwinter.

(revised March 1997)

Maintenance

—Nonbearing Trees
a. If you applied lime and fertilizer
according to soil test recommendations
prior to setting, follow this fertilization
schedule:

second year

e In March, apply 0.1 b of N per tree
from a 1-1-1 ratio material (1 Ib
10-10-10).

» Spread the fertilizer in a circle
starting 12 inches from the trunk and
extending outward slightly beyond limb
span.

* Every six to eight weeks, apply a
1-1-1 or 1-0-1 ratio material at therate
of 0.1 Ib N per tree (1 1b 10-10-10 or
12 oz of 14-0-14). Continue these
applications until mid-July on the
sandier soils and until early June on
the finer textured soils.

third year

e In March, apply 0.15 Ib N per tree
(1.5 1b 10-10-10 or 1 Ib 14-0-14) in
the same manner as previously
described.

e In May and again in early July,
repeat the same nitrogen application,
or use 0.5 Ib of NH,NO, per tree in
May and early July.

b. If you did not apply lime and fertilizer
according to soil test recommendations
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prior to setting, follow this fertilization
schedule:
» Have the soil tested.
» Broadcast the recommended lime as
soon as possible.
* Inearly March, broadcast 60 Ib of N
per acre along with any P,O_ and K,O
recommended.

—Bearing Trees

Once trees begin to bear, fertility factorshave a
large impact on production as well as tree
growth. Plant tissue analysis and soil testing
together define fertility needs and indicate
solutions much better than either alone. Soil tests
indicate corrections needed in the soil. Plant
analysis measures the effectiveness of
fertilization and reveals less obvious nutrient
shortages that directly affect performance and
yied.

Apply lime, if needed, as soon aspossible. If the
magnesium level is questionable, use dolomitic
lime. Broadcast al the P,O_,and upto 601b K,O
along with 40 Ib N per acre in early March. If
the trees are on deep sandy soil, apply 20-301Ib
sulfur per acre to prevent a deficiency of this
nutrient.

After fruit set, broadcast another 3040 Ib N
and any additional K,O needed. If fruit set is
satisfactory, broadcast another 25 1b N per acre
in early July. However, if new terminal growth
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exceeds 12—-18 inches, omit the nitrogenin July.
If you have planted cover crops, they may need
additional fertilizer.

Boron

Peaches grown on sandy soils need about 0.5 1b
boron per acre every three years. Because too
much boron can betoxic, it may be safer to add
boron to one of the spray solutions each year. To
do this, add about 0.2 Ib boron (1.8 1b 11% B or
11b 20% B materia) per 100 gallons of spray
solution.

Zinc

Deficienciesof zinc, commonly called*“littleleaf”
or “rosette,” occur in peach orchards on some
of the sandier soils. In severe cases, the
internodes at the end of the twigs are shortened
and the older leaves may fall off leaving aclump
or “rosette” of chlorotic younger leaves at the
top of the shoots.

To correct or prevent zinc deficiency, apply 1 0z
zinc per 100 gallons of spray (3 0z ZnSO,) three
timesat 3-week intervalsfrom May through July
15.

Continual use of excessiveratesof zinc can lead
to toxic levels in the soil that are difficult to
overcome.
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NOTE 18: Fertilization of Small Fruits

(to be extensively revised in the coming year)

All fruiting plants require fertile soil with a
reasonable balance of nutrients. The lime and
fertilizer rates recommended on your
NCDA&CS soil test report serve this purpose.
Precise fertility management for fruit crops
requiresplant tissue analysesaswell as soil tests.
However, some basic nutrient management
guidelines for common small fruit crops are
provided here.

Blueberries—Establishment

Take a soil sample prior to establishment to
determine pH and fertilizer needs. No lime
should beappliedto blueberries, except in specia
cases, and then only on the advice of aqualified
consultant.

Broadcast any recommended fertilizer prior to
preparing the land for setting. Set the plants
without further additions of fertilizer. In early
April, or after thefirst flush of growth, broadcast
additional nitrogen (N) at therate of 10-15Ib N
per acre using a 1-1-1 or 1-2-1 ratio material
(100-150 Ib 10-10-10 or 200-300 Ib 5-10-5).
Repeat the topdressing four to six weeks later
with 20-30 Ib N from the same 1-1-1 or 1-2-1
ratio material.

Blueberries—Maintenance

a. If you applied fertilizer according to soil
test recommendations at the time of
establishment, follow thisfertilization schedule.

SECOND YEAR
Prior to bloom, broadcast 20 Ib N per
acre from a 1-1-1 or a 1-2-1 ratio material
(2001b 10-10-100r 330 1b 6-12-6).
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e Six weeks later, repeat the topdressing,
but increase the rate to 30 Ib N per acre
(3001b 10-10-10 0r 500 1b 6-12-6).

After another four to six weeks, apply
an additional 30 Ib N. Nitrogen alone may
be applied at this time, but the same mixed

material may be used, if desired.

WHEN PLANTS ARE MATURE
Prior to bloom, broadcast 30 Ib N per
acrefromal-1-1 or 1-2-1 ratio material (300
Ib 10-10-10 or 500 |b 6-12-6).

Six weeks later, repeat the prebloom
topdressing.

Any time after harvest or up to mid-July,
topdress with an additional 20-30 Ib N per
acre. Materialscontaining N only can beused
at thistime.

Have the soil tested at least once every
three years.

b. If you did not fertilize your blueberry crop
according to soil test recommendations at the
time of establishment, follow this fertilization

schedule.
* Have the soil tested.
e Prior to bloom, broadcast the

recommended rates of P,O, and K,O along
with 2030 Ib N per acre.

* For the rest of the season, continue with
the appropriate schedul e outlined in section
a. above.

Grapes—Establishment

Broadcast the recommended rates of lime, P,O,
and KO before plowing. Then proceed with the
setting operation without additional fertilizer. After
growth gtarts, sidedresswith a1-1-1 ratio material
tosupply 0.02-0.03Ib N per plant (4 0z 12-12-12).
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Broadcast the fertilizer in a circle 18-20 inches
from each vine. Repeat at monthly interval s until
July. A 1-0-1 ratio materia, such as 14-0-14, may
be used for the later topdressing, if desired.

Grapes—Maintenance

a. If you applied lime and fertilizer to your
crop at establishment according to soil test
recommendations, follow this fertilization
schedule.

SECOND YEAR
* In March, apply 0.06 Ib N from a 1-1-1
ratio material (0.51b 12-12-12) around each
vine. Broadcast itina12-inch band beginning
24 inchesfrom the vine.

* Repeat monthly until mid-July.

THIRD YEAR
* In early March, broadcast 40 Ib N, P,O,
and KO per acre. Usea 1-1-1 ratio material
equivalent to 330 |b of 12-12-12 grade per
acre.

* In May, apply another 30 Ib N and K,O
per acre (equivalent to about 200 Ib of
14-0-14).

WHEN VINES START TO BEAR
» Have the soil tested again.

* Broadcast the recommended lime as soon
aspossible.

* In early March, apply the recommended
rates of P,O, and K,O aong with 60 Ib of N.
* In May, broadcast an additional 30 Ib N
per acreif vine growth istoo slow.

* In July, broadcast another 2030 |b N per
acre.

b. If you did not apply lime and fertilizer
according to soil test recommendations at
establishment, follow thisfertilization schedule.
» Have the soil tested.
» Broadcast the recommended lime as soon
aspossible.
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 In early March, apply the recommended
rates of P,0, and K,O along with the
appropriate rate of N based on the age of
the vines as outlined above.

« Continuewith the appropriate maintenance
schedule, which includestaking asoil test at
least every three years.

Grape vineyards on sandy soils are susceptible
to boron (B) deficiency, especialy in dry weather
and at asoil pH of 6.5 and higher. Theapplication
rate should not exceed 1 Ib B per acre every
two years (10 Ib ordinary borax, 11.3% B; or 7
Ib fertilizer borate, 14.3% B). Boron can be
supplied as a foliar spray each year, if thisis
more desirable. In this case, the rate should not
exceed 0.2 Ib B per acre per year (1 |b Solubor,
20.2%B; or 1.7 Ib ordinary borax, 11.3% B). Plant
tissue tests can be used to determine its need.

Continued use of boron at rates higher than those
suggested may lead to an accumulation of toxic
amountsinthe soil.

Raspberries & Blackberries
—Establishment

Broadcast any recommended lime, P,O, and
K,Oalongwith301b N per acre before plowing.
Do not add additional fertilizer when plantsare
set out. In July, topdresswith additional nitrogen
at the rate of 30 Ib per acre.

Raspberries & Blackberries
—Maintenance

a. If you limed and fertilized the crop at
setting according to soil test recommendations,
follow thisfertilization schedule.
* In March, broadcast 40 Ib N, 40 1b P,O,
and 80 Ib K, O per acre.
* In July, topdress with additional N at the
rate of 60-80 Ib per acre.
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b. If you did not lime and fertilize the crop at
setting according to soil test recommendations,
follow thisfertilization schedule.
* Have the soil tested.
* Broadcast any recommended lime as soon
aspossible.
* In March, apply the recommended rates of
P,O, and K,O along with 40 Ib N per acre.
* InJuly, topdresswith N at the rate of 60—
80 Ib per acre.
» The following year, use the maintenance
schedule outlined under a. above.
» Have the soil tested at least once every
three years.

Strawberries—Establishment

Broadcast the recommended rates of lime, N,
P,O, and K,O before plowing. Do not apply
additional fertilizer when you set out plantsin
the spring. Thirty days after setting, sidedress
with 30 1b N per acre. Topdress with another 40
Ib N per acre in September.
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Strawberries—Maintenance

a. If youlimed and fertilized the strawberry
crop at establishment according to soil test
recommendations, follow this fertilization
schedule.
» Soon after harvest in the first bearing year,
topdresswith 301b N, P,O, and K, O per acre.
* InAugust, topdresswith another 4060 1b
N per acre.
» Before the second bearing year, have the
soil tested again.

b. If youdid not lime and fertilize the crop at
planting according to soil test recommendations,
follow thisfertilization schedule.
* Have the soil tested.
* Broadcast any recommended lime assoon
aspossible.
» Soon after harvest, apply therecommended
P,0, and K,O along with 30 Ib N per acre.
* InAugust, broadcast 4060 Ib N per acre.
* In January or February, some N may be
needed on extremely sandy soils. Inthiscase,
topdress about 20 Ib N per acre. However,
limit theN gpplied to avoid excessvevegetative
growth before harvest and soft berries.
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Part IV. Resource Information

Thissection contains nineteen tablesthat provide
quick reference for 1) making fertilizer
substitutions, 2) determining equivalent fertilizer
rates and 3) converting English units to metric
equivaents.

Fertilizer Substitutions

Fertilizersrecommended on NCDA& CSreports
are often commercial agricultural grades, such
asthosegivenin Table4.1. Agricultural dedlers
that cater to farmersare most likely to havethese
fertilizers in stock. These grades may not be
available at local discount stores or garden
centers. Therefore, growers may need to
subgtitute equivalent fertilizers. Table 4.2 provides
some substitutionsfor commonly recommended
fertilizer materials.

North Carolina Limestone Specifications

All limestone sold, offered for sale or distributed
in North Carolina must show on the |abel

* aguarantee of percent calcium,

* aguarantee of percent magnesium,

* the percent calcium carbonate equivaent
and

* the number of pounds of materia that
equal oneton of standard lime.

Standard lime has acalcium carbonate equivalent
of 90 percent. Each type of lime must meet the
screen requirements outlined in Table 4.3. This
information must be displayed on the label. For
example, with dolomitic lime, 90 percent must
pass through a 20-mesh screen and 35 percent
must pass through a 100-mesh screen.

Table 4.1 Amounts of fertilizer that provide 1.0 Ib of nitrogen per 1000 ft2.

201b of 5-5-5
201bof 5-10-10
201b of 5-10-5
171b of 6-6-18
161b of 3-9-9
12.51bof 9-0-24

12.51b of 8-8-8
101bof 10-10-10
71bof 15-0-14
6.25|b of 16-0-0
2.991b of 33.5-0-0
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Table 4.2 Nitrogen fertilizer substitutions*

Fertilizer Grade Recommended Substitute Fertilizers

201D Of 5-10-5...ccicieeeeeeee e 101bof 10-10-10 + 2 Ib of 0-46-0

171D 0f 6-6-18......ceeirireeeeeeee 101bof 10-10-10 + 3.51b of 0-0-60

1251b0f 8-0-24.....cveeeeee 3.0 Ib of ammonium nitrate (34-0-0) + 5 Ib of 0-0-60
751b0of 15-0-14 ..o, 3.0 b of ammonium nitrate (34-0-0) + 1.75 Ib of 0-0-60
1.01bof NItrogen ......cccceeceveveeeeereeene 3.01b of ammonium nitrate (34-0-0)

161D 0f 3-9-9 .. 5.01b of 10-10-10 + 2.0 Ib of 0-46-0 + 1.5 Ib of 0-0-60
101D 0Of 5-5-15...cieeereeeee e 5.01b of 10-10-10 + 1.5 Ib of 0-0-60

3.0Ibof 15-0-14......ocveeeeeceeee 1.51b of ammonium nitrate (34-0-0) + 0.75 Ib 0-0-60
0.51bof nitrogen .......cccceeeevvvereeceeee 1.51b of ammonium nitrate (34-0-0)

6.01b0of 8-0-24.......ocoeeeeercee, 1.51b of ammoniuum nitrate (34-0-0) + 2.5 b 0-0-60
201D 0f 5-10-10 ..o 101b of 10-20-20

* Many of the fertilizers suggested on NCDA& CS soil test reports are agricultural fertilizers and
may hot be found at garden centers or discount stores. A dealer who sells suppliesto farmers may be
themost likely sourcefor the suggested fertilizers. All amounts of fertilizer listed in thistable provide
1 Ib of nitrogen per 1000 ft2.

Table 4.3 North Carolina limestone size requirements

Lime Types Percent Passing

20 mesh 100 mesh
Ground dolomite* 0 35
Calciticor marl 0] 25
Suspended dolomitic 100 80
Pelletized dolomitic 8 0 35

* All dolomitic lime must contain aminimum of 6.0 percent magnesium.

§ Pelletized lime must be manufactured in a manner that will cause it to slake down whenin
contact with water. Pelletized lime has the same neutralizing value as regular agricultural lime.

Source: NCDA& CS Plant Industry Division
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Table 4.4 Equivalent fertilizer rates *

Area Rates Volume Rates
Ib/ 1000 ft? Ib/ 100 ft2 Ib/ acre Ib/ yd? oz/ yd®
10 10 436 0.42 6.67
15 15 653 0.63 10.10
20 2.0 871 0.83 13.28
25 25 1089 1.04 16.64
30 3.0 1307 125 20.00
35 35 1525 1.46 23.36
40 4.0 1742 167 26.72
45 45 1960 1.88 30.08
50 5.0 2178 2.08 33.28
55 55 2396 2.29 36.64
60 6.0 2614 250 40.00
65 6.5 2831 271 43.36
70 7.0 3049 292 46.72
16 75 3267 313 50.08
80 8.0 3485 3.33 53.28
85 85 3703 34 56.64
0 9.0 3920 3.75 60.00
9% 9.5 4138 3.96 63.36
100 10.0 4356 4.17 66.72
120 12.0 5227 5.00 80.00
140 14.0 6098 5.83 93.28
160 16.0 6970 6.67 106.72
180 18.0 7841 750 120.00
200 20.0 8712 8.33 133.28

* 1 acre=43,560 ft?; 1yd® =27 ft3, Ib/yd® = (1b/1000 ft?) + 24,
(Ib/1000 ft?) x 43.56 = Ib/acre; 11b =16 oz.
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Table 4.5 Properties of fertilizer materials

Material % Nitrogen % P,0, % KO  Sail Ib Lime/  Salt Index t
Reaction* 100lb N §
Ammoniumnitrate  33.5 0 0 A 180 105
Monoammonium u 48 0 A 180 30
phosphate
Diammonium 18 46 0 A 180 34
phosphate
Ammoniumsulfate 21 0 0 A 538 69
(23.7% 9)
Ammonium 10 K’} 0 A 180 -
polyphosphate
Urea 46 0 0 A 180 75
Liquid nitrogen 30 0 0 A 180 -
Caciumnnitrate 155 0 0 N 0 65
Potassium nitrate 13 0 4 N 0 74
Muriate of potash 0 0 60 N 0 116
Potassium sulfate 0 0 50 N 0 46
(18% )
Sodium nitrate 16 0 B 100
Magnesiumsulfate 0 0 44
(10% Mg; 13% S)
Sulfate of 0 0 2 N 0 43
potash-magnesia
(11% Mg; 22% S)
Nitrate of soda-potash 15 0 14 0 19
Normal superphosphate0 20 0 0 10
(12% )
Triple superphosphate 0 46 0 0 10
0 0 0 8

Gypsum
(19% S; 22% Ca)

* A =acid; B = basic; N = neutral.

8§ |b of limerequired to neutralize acid from 100 Ib of nitrogen.
t Saltindex for equal weights of materials, NaNO, = 100.
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Table 4.6 Fertilizer dilutions necessary (ounces/ 100 gallons water) to deliver parts-
per-million (ppm) rates*

ppm Percent Element in Fertilizer
soln. 10 13 15 16 18 20 25 30 335 46 50

5 6.7 51 4.4 42 37 33 27 22 20 15 13
100 133 103 8.9 83 74 6.7 53 44 4.0 29 2.7
125 166 128 111 104 93 8.3 67 56 5.0 36 33
150 200 154 133 125 111 100 80 67 6.0 4.3 4.0
175 233 179 156 146 130 nv 93 78 7.0 51 4.7
200 267 205 178 167 148 133 107 89 8.0 5.8 53
250 333 256 222 208 185 167 133 111 100 7.2 6.7
300 400 308 267 250 222 200 160 133 119 8.7 8.0
350 467 359 311 292 259 233 187 156 139 101 9.3
400 533 410 356 333 206 267 213 178 159 16 107
450 600 462 400 375 333 300 240 200 179 130 120

* Equivalent units 1.0lb=454g=160z; 1.00z=28.38¢.
The equation for calculating the amount of fertilizer to mix in 100 gallons of water is shown
here:  (ppm of desired element) + (percent of element x 0.75) = ounces/ 100 gallons.

Table 4.7 Commonly available sources of nitrogen (N)

Source Formula % N
Ammonium nitrate NH,NO, A
Ammonium sulfate (NH,),SO, 21
Ammoniumthiosulfate (NH,),S,0, 12
Anhydrousammonia NH, 82
Aquaammonia NH,OH 20-25
Calciumnitrate Ca(NO,), 16
Sodium nitrate NaNO, 16
Potassium nitrate KNO, 13
Nitrogen solutions varies 19-32
Urea CO(NH,), 4546
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Table 4.8 Commonly available sources of phosphorus (P)

Source Formula % N % PO,
Superphosphate (0-20-0) Ca(H,PO,),»H,0+CaSO, - 1820
Concentrated superphosphate (0-46-0) Ca(H,PO,),*H,0O - 44-52
M onoammonium phosphate (11-48-0) NH,H,PO, u 48
Diammonium phosphate (18-46-0) (NH,),HPO, 18 46
Ammonium polyphosphate (10-34-0) (NH,),HP,O, H.,O 10 K’}
Phosphoric acid H,PO, - 55
Table 4.9 Commonly available sources of potassium (K)

Source Formula % K,O
Muriate of potash (0-0-60) KCl 60-63
Potassium sulfate (0-0-50) K,SO, 50-52
Potassium nitrate (13-0-44) KNO, 44
Potassium hydroxide KOH 83
Potassium magnesium sulfate (Sul-Po-Mag) K,SO,-MgSO, 22
Table 410 Commonly available sources of magnesium (Mg)

Source Formula % Mg
Dolomiticlime CaMg(CO,), 6-12
Epsom salt (magnesium sulfate) MgSO,*7H,0 10
Potassium magnesium sulfate (Sul-Po-Mag) K,SO,~MgSO, 11
Magnesium oxide MgO 50-55
Kieserti (magnesium sulfate) MgSO,*H.,0 18
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Table 4.11 Commonly available sources of sulfur (S)

Source Formula % S
Sulfur S 90-100
Ammonium sulfate (NH,),SO, 24
Gypsum (calcium sulfate) CaS0,»2H20 19
Epsom salt (magnesium sulfate) MgSO,»7H20 13
Potassium sulfate K,SO, 18
Potassium magnesium sulfate (Sul-Po-Mag) K,SO,-MgSO, 22
Superphosphate Ca(H,PO,),»H.O + CaSO, 12
Ammonium thiosulfate (NH,),S,0, 26
Sulfur-coated urea CO(NH,),-S 10
Table 4.12 Commonly available sources of boron (B)
Source Formula % B
Boric acid N,BO, 17
Borax Na,B,0,*10H,0 1
Solubor Na,B,0.*4H.,0 20.5
Na,B,0,,10H,0 20.5
Fertilizer borate—48 Na,B,0,*10H,0 14-15
Table 4.13 Commonly available sources of copper (Cu)
Sour ce Formula % Cu
Copper sulfate (pentahydrate) CuSO,*5H.,0 25
Copper sulfate (monohydrate) CuSO,H,O 35
Copper oxide CuO 75
Ammonia base copper CusO, + NH,OH 8
Copper chelates Na,Cu EDTA 13
Na Cu HEDTA 9
Cupric ammonium phosphate Cu(NH,)PO,+2H.,0 32
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Table 4.14 Commonly available sources of manganese (Mn)

Source Formula % Mn
Manganese sulfate (pentahydrate) MnSO,+4H,0 26-28
Manganese oxide MnO 41-68
Manganese chelate Mn - EDTA 5-12
Manganese nitrate (liquid) Mn(NO,), 15
Manganese chloride (liquid) MnCl +4H,0 16.8
Table 4.15 Commonly available sources of zinc (Zn)
Sour ce Formula % Zn
Zinc sulfate ZnS0O,+2H,0 35
Zincoxide ZnO 78-80
Zincchloride ZnCl, 31
Zinc carbonate ZnCO, 58
Ammoniabasezinc (liquid) _ 10
Zinc nitrate (liquid) Zn(NQ,), 17
Zinc chelates Na,Zn EDTA 14
Na,Zn HEDTA 9
Table 4.16 Commonly available sources of molybdenum (M o)

Source Formula % Mo
Ammonium molybdate (NH)M0,0,,°2H,0 54
Sodium molybdate Na,M00,2H,0 3941
Molybdenumtrioxide MoO, 66
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Table 4.17 Commonly available sources of iron (Fe)

Source Formula % Fe
Ferrous sulfate FeSO,»7H,0 19-21
Ferric sulfate Fe(SO,),*4H.,0 23
Ferrous ammonium sulfate (NH,),SO, - FeSO,*6H,0 14
Ferrous ammonium phosphate Fe(NH,)PO, *H.,O 29
Iron chelates NaFe EDTA 5-14

NaFe HEDTA 59

101



Resource Information

Table 4.18 Equivalent measurements

Length
lin. =254cm =25.4mm
1ft =12in. =30.48cm
lyd = 3ft. =0.914m
Im =39.37in. =1000 mm
1ldm =10cm =100 mm
Area
1 acre = 43,560 ft? =0.4047 ha
1 ha = 2.471 acres =10,000 m?
Weight
loz =28.35¢g
1lb =160z =453.69
1kg =2.2051b =1000g
1lton =20001b =907kg
1 metricton =22051b =1000kg
1 gal. of water =8.34lb =3.78 kg
1 ft® of water =62.41b =28.3kg
1 mg/liter = 1mg/dm3 =1ppm
Volume
1lcmd =1ml
1tbsp =3t =14.8ml
1fl oz =2tbhsp =29.6ml
lcup =8floz =236.6 ml
1pt =161l oz =473.1ml
1qt =32fl oz =946.2ml
1gal. =128fl oz =3785ml
1gal. =3.785liter =231in3
1liter =33.81fl oz =1000 ml
1liter =1.057 gt =0.2642gal.
1 acre-inch =27,167 gal.
lyd® =271t =22bu
1bu =1.25ft
1dmd = 1000 cm?®
Yield or Rate
1 ton/acre =45.91b/1000 ft? =41.31b/100 yd?
11b/1000 ft? =0.91b/100 yd? = 0.02 ton/acre
11b/ft3 =91blyd?
1kg/ha =2 mg/dm? =0.89 Ib/acre
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Table 4.19 Conversion factors for English and metric units

Multiply ToObtain Multiply To Obtain
acre-inch by 102.8 m3 ft3 by 28.29 liters
acre by 0.004 km? ft® by 0.28 hectoliter
acre by 0.405 ha ft® by 57.72 pint
bushel by 1.24 ft3 ft® by 28.86 quart
bushel by 4 peck ft* by 0.8 bushel
bushel by 0.046 yd? gallonby 3785 cm?
bushel by 0.352 hectoliter gallonby 0.1337 ft3
bushel by 35.24 liters gallonby 231 in2
centigram by 0.01 gram gallon by 0.0038 m?
centiliter by 0.01 liter gallon by 0.005 yd®
cm by 0.3937 in. gdlonby 3.79 liter
cmby 0.01 meter gdlonby 8 pint
cmby 10 mm galonby 4 quart
cm?® by 0.000035 ft3 gallon by 8.3453 Ib of water
cm?® by 0.06 in3 gram by 0.01 kg
cm?® by 0.000001 m? gram by 1,000 mg
cm?® by 0.000001 yd? gram by 0.035 oz
cm?® by 0.00026 odl. gram by 0.0022 Ib
cm? by 0.001 liter hectare by 2.471 acre
cm?® by 0.002 pint hectogram by 100 gram
cm? by 0.001 quart hectoliter by 100 liter
decigram by 0.1 gram hectoliter by 3.532 ft®
deciliter by 0.1 liter hectoliter by 2.838 bushel
decimeter by 0.1 meter hectometer by 100 meter
°C+17.78by 1.8 °F hundredweight by 0.454 quintal
°F—32 by 5/9 °C in.by 2.54 cm
dekagram by 10 gram in. (thickness) by ft (Iength) board ft
dekaliter by 10 liter in2by 16.39 cm®
dekameter by 10 meter in.® by 0.0006 ft®
fathom by 6.0 ft in.® by 0.00002 m?
ft by 30.48 cm in.® by 0.00002 yd?
ft by 12 in. in.2by 0.0043 gdlon
ft by 0.3048 meter in.2by 0.0164 liter
ft by 0.333 yd in.2by 0.0346 pint
ft* by 28,316.85 cm? in2by 0.0173 quart
ft®by 1,728 in.3 in2by 16.39 cm®
ft® by 0.028 m3 kg by 2.205 Ib
ft® by 0.037 yd? kg by 0.001 ton (short)
ft* by 7.48 gdlon kg by 1,000 gram
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Table 4.19 (cont.) Conversion factors for English and metric units

Multiply To Obtain Multiply To Obtain
kiloliter by 1000 liter m? by 1056.8 quart
km by 100,000 cm m? by 0.0097 acre-inch
km by 3281 ft mileby 160,934 cm
km by 1000 meter mileby 5280 ft
km by 0.62 mile mileby 1.609 km
km by 1094 yd mileby 1760 yd
km? by 247.1 acre mph by 44.70 cm/sec
km? by 0.386 mi? mph by 88 ft/min
Ibby 16 oz mph by 1.467 ft/sec
Ib by 0.0005 ton (short) mph by 1.609 kmv/hr
Ib by 453.59 gram mph by 0.8696 knot
Ib by 0.454 kg mph by 26.82 meter/min
Ib of water by 0.02 ft3 mg by 0.001 gram
Ib of water by 34.56 in3 ml by 0.001 liter
Ib of water by 0.12 ga. mm by 0.1 cm
liter by 1000 cm? mm by 0.04 in.
liter by 0.035 fts oz by 0.06 Ib
liter by 61.02 in3 oz by 28.35 gram
liter by 0.001 m? oz (fluid) by 2 tbsp
liter by 0.0013 yd® oz (fluid) by 6 tsp
liter by 0.26 gal. oz (fluid) by 1.805 in3
liter by 2.12 pint oz (fluid) by 0.03 liter
liter by 1.06 quart ppm by 8.345 Ib/milliongalon
liter by 0.028 bushel peck by 0.25 bushel
meter by 100 cm quart by 47.75 in3
meter by 3.28 ft quart by 0.95 liters
meter by 39.37 in. quintal by 2.205 hundredweight
meter by 0.001 km tbsp by 0.5 oz
meter by 1000 mm tbsp by 3 tsp
meter by 1.094 yd ton (long) by 1016 kg
m? by 35.32 ft3 ton (long) by 2240 Ib
m? by 61,030.4 in2 ton (long) by 1.12 ton (short)
m? by 1.35 yd® ton (metric) by 1.102 ton (short)
m? by 264.2 gdlon ton (metric) by 1000 kg
m?® by 1000 liter ton (metric) by 2205 Ib
m?® by 2113.6 pint ton (short) by 2000 Ib

104



Resource Information

Table 4.19 (cont.) Conversion factors for English and metric units

Multiply To Obtain
ton (short) by 32,000 oz
ton (short) by 907.18 kg
ton (short) by 0.89 ton (long)
ton (short) by 0.91 ton (metric)
tsp by 0.167 oz
tsp by 0.33 tbsp
yd by 0.914 meter
yd® by 764,555 cm?®
ydby 21.8 bushel
yd® by 27 ft3
yd® by 46,656 in3
yd® by 0.76 m3
yd® by 202 gdlon
yd® by 764 liter
yd®by 1,616 pint
yd® by 808 quart

Fertilizer Conversion Factors

phosphorus (P) by 2.29 phosphate (P,0,)
potassium (K) by 1.20 potash (K., 0)

Units-per-Area Conversion Factors

bushel/acre by 0.87 hectoliter/ha
bushel (corn) /acre by 0.062 ton (metric)/ha

bushel (soybeans) /acre by 0.067 ton (metric)/ha
bushel (wheat) /acre by 0.067 ton (metric)/ha
bushel (grain sorghum) /acre by 0.056 ton (metric)/ha
hectoliter/haby 1.15 bushel/acre
hundredweight/acre by 1.12 quinta/ha

kg/haby 0.89 Ib/acre
Ib/acre by 1.12 kg/ha
mg/dm? by 2.0 kg/ha
quintal/haby 0.892 cwt/acre

ton (metric)/haby 0.446  ton (short)/acre
ton (short)/acre by 2.24 ton (metric)/ha
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